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SPECIBS; m .aBIZOBimi 
:OT»oi»®j©i 
fto® itbility ©f a '^e:riiM5]p®aais»« mywMk&stm A 
gm mXimm was fi3P»fc f#©#gals®4 -ia 18il tof 
Mm i«0iAteMi «a oi^ gaai'irai y®«^«a#itel0 fiar er all»« 
is wta® applit# th# t«;i:« *''Vlgeout to 
%be 
iRf#atl.gat©r» lia-r® siae® ©fes©pir®€ 
in smgar ailfe, tee«r, .imp®!? 
pttip 'ffitid -iQthm ei?ffl®s«r©ial. pFo#a«ta, la -aia-jiitioii t© tii© 
0m pm&ymixi^ g orgami«m« wbl^  ^ are of ®eo;ao»ii5 importame®, 
awep^ma &Wt&r ©yganisM km-^t toe»a slioim t© possess tli« 
*1siilty mynthmBtMQ aliaes or gtas, 
Qua m&j Is# toj tii© eapiimlmtM '©F 
,m»-e:aipiial.at©d hmt&ipXm^ Witli %iie eafsultttM. Iia®t©^la 
thm miiae la ##*sl©p-®4 «te6» tbe ©f & of 
indi^ i^ lttstl ##lis ©«ml«se®, irht« a©ll»®ap»^aat•»t f&ms-
ap-pfti?eiitXy ppoiitc# «, aaterial ssimliar t©- ttiat proatt<s.iSd t»y 
eapsmlated Imet-epia 'twt no empstil® 
the aat®rlal %.akm up and -dif^aes int.© solMfeioa 
as. 'Faptdly m it i« pi'oiae'Wi-* All :grsd«tions exist tee-
few®®» fell# few© pFMme®d» nfm«»®#|>smlat@d »» 
•gmilmm «r© r®ap«»fSll® tm %im' t-mm. -«Ft.ii#@ms f®w@ii%a-
Moms*., ffa® ©i*ganla»s to fcli# Biiiaebiim gtmi# fall in 
tills «la«». 
fhm aateiif® of »©@t- of tli# 
ipiM iias' hmn «dequat«l|r ,gtudl«d Tm% 
iafoMiatiom ayallatole indieat«s that gm* mpa 
p©lyime@li«i!»ld«s wtiiOi o» liydFKlyitl# jl«M <Bkl®flf mm&mm 
:mi. •amale a©ia» 
fh# faet lias- l®3ag hmm ka&m.^ ttoat tk# legiaMi wq&% 
a®dml« ^ @%®i»la pi^dae® a to-ais-t®rial fw* owp 
Im0wl®dg® @f -m® -©aaiet rol© ©f gw» jpi'^a^tleia i» tli# 
»(itatooll«M of th® -©p:gtt3s.lsa Is atlll 
fhm vmultM »eeuj»®d i>y a ©f- £iiv@stl.gafet«» 
ladieat# that ^gia pTOdatj-tloa maj  ^ ©^oaentsd 
la amm w&j with -©f apssM-oti© ultrogdu flaast-
tl©a. In addifel^^ -ada® #tmdi®8 bav« mhmrn- febat eoMld«r-
al»l-® diff®i»©a©«a. -©xiat Sjq tii® quantity -and clj#»ieal »atw® 
©f - t4i« pM py0dm@#d toy 8p#®i®-a ©f ®bl.s®bt«a-*-
wiy ttowf »mm. 
li^t m the -©f »ltr@g«B -fljeatioa «€ may als© 
prmm mm a©ewi*at# »@tMod f©i* elaaslfytog ^tk© ^arlms 
»p©®l#s ©f ikis©Mi», fkis- 8:®«©od -*mgg«stl@ii i# 
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A ®f-Qi® vmwf 
littl® «r«pk lift# l3#-®» ton# -Amln ••M.mmtXj witii thm 
tm«stloa of froimefeim • hj 'Bilaoljlaia* la « 
l&Vg© ef »tw.€t:©»  ^ • mm 'Of th©' ?©©% 
m © € t t l ® a B © l d « i s t « l .  t o w ®  h m m n  m a d ©  
0® ^1  ^ wM.t^  hmm 0ft«a sig» 
Hiay ©f ©f ^a»- |HP-c^©©4 fey 
yi«M teffflfWatlcB. 1# of mlm# $m. iatti*--
@«F%ain r»8ults ofe.t^ aiued in ln¥#»tig&t;ions ©f ga® 
by 'iblsobiiBft,. 
14t«rattxFfif •r&vl-««r- will#, -laeltti.® 
f-ap^ya ^«arlng direetly lMlr«etly mp©a 
mk€ »!»©- mmm p&pmB ©» studies of ottiw 
gaw. 
Q#a#gftl lem :lteB 
"^g Ki©go#rgaaliPBa:-« 
tlh.® ttfolllty syiith«iii:a® sl.i»«« or gw» app««ips t® 
li© it p»jp#3?ty li®M .to toy a ®im«id®ratol® nm^F #f 
aieroergmnisaif.. S®®# ©f feMs® alia® pyotaeiB.g orgi®i«wi. 
Iiafo h@®u tmm& mm #iHata»iiiast€ ia ©©rtatia e®ffl»iipeial 
pi^ w©ife»» A# it result m mmmt of w©i»k hits 
im&n €m# rni' tli« a&tttip® of th.m ©rganiao* ©f ®#©iaoai# 
I*p€ji»t;m6® aad m taa« aatur# ©f tti® gisro ot »li®® liiieb 
t&#j syatli@atz». »© will «a4® t© rsirlew 
thia «xfe®m»ivo litaratur® Mfe a f@w rtf r^eaesi will te# 
gi¥#a. in wM©li tb#' giBi* from WMTlmM smiyfmm' imm 
%®« el:st8isifi,®.a«' ?Ms will giir© sm. ii®a ©f tli® 
^€kf' til® MeteFial «liB#s ttml will mhrnw tbe i*©lati®a of 
lM-z©Miia 'fas t® ©felisF teaetafi^  
{'4®). ftiH: saa mmlj €a%®- •ti*ssifi@€ tb« wriwas 
goa p3fo<te©liig •©fgmigisg @n tti© tom«i« ©f fe® fsagar#' ?*•©-
«. lgr<5f»©lyiii».»' ©f elas«iflea.%l<m wtoieli. 
&« tt»«S wm a« f@ll©*gi 
A.«. flmm o^gaixisa# i^ r^ iuelrg graa emttsting ®f 
aiatoyie i^dfts mi %h® hmimsm, 
1» ®®latim0«ii m eapsialar aafceFi-al wltfe 
fipa®t©8® mnA gltt©«s® gr®«|>>s, 
B • t.« #lia«a wttfe glmfi®»e mkd f^ etos# |^ ©mp®* 
S» glme©##, galaet©»® 
B* iliJBds witJa p»st;»se#* 
iw®b«ai«ii (8)"' a«sraa:rif5®s ma#li of the ©arliea* 
tiw® ?@latlag t® th« fi»d4tieti©B -®f ipa wt,eTOoi»g«mlswi,. 
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Bmm Umm M«a 'fom  ^ wM#& 
m hm^m giv#» M4»t«i*«s ©f ^©acos## «&4 pmntmsmmv 
:Jii .am' w r^fc m feh# mmmmit&.imX mttlizatlm 
«if f®mentation,-.' -i^ far f3f)' ii*s- lils-emas©# m.% 
#<>a.sM«raM® lengtli tb# e&m^mimX asjp&ets ©f gm 'i&mm* 
%.!•©» toy iBlcjN£»#ipgaai«»s., E« »a®i!ia3?is#« aaelt of tiie 'llfcera-
teuro- &n finsotts f©im®n't«'tl©ns in siigap Jtiie#,. allk, win#* 
-and ©tba-F e©»ierclal pr©dm«.%a* 
Btm S-t®pli«m3on (50) i» » ^wEiograjiii on-• 
»«t:«iMil.tawi a mhmptmr %#• tfae- "'•fmtte.esi.a • of 
#a®.©liari«5.@#" fey'»i0r®©ipga»i«». 'fia® Mt.tipatai?'® cited 
©Misfly witli feb®. aatmrs ©f toaets l^al ga»»-
QT p©lysaecslMrt.to«. 
"BmiiMMm aa€ Wvklmm (9) p©Ia% om% tkat **'lt 1# 
dlffiemlt eieariy t® <il.ff»i*»ntiat® mm psai tu'tO' 
can fe.©- t^ltsh .tiffliml'tf tli« mil*, 
tii©a# itoish are. sorflielosiisa'lly ®v4€ t^ as. amfi 
tbos« iwll • «ad dlffms« s® rapidly f©w#€ %h&t 
tlj»y #eape«ly 'to# t®*®®*! at smf tl®« tjptt# cell e©a* 
.stitw»at»., fi0( til® last grmxp beleng thm pip«Niii.e«4 la 
•til® #©»®all®>a #3? gsmmj fera®ntstioii»**.. 
fli»y ei»#;»tfy tb® feaete i^al goaa int© diSKtraaa, • 
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.©mptrnl© fom m T mmpmmA ew-g&iilm0* Mm also e l^atas 
'tiiat- glvtmn® earns©# tli® p?©feeti©B of a "thin, t«li-$a-t®* 
•mpmxl® irtiil® mvLmm the dtvelopatot ©f r t©mgb. 
eapstil®. 
l.ai?i?is©n and Sarlew d#s©Pibe4 th# ©oliaii«« 
fow»d om agfiti* as appearing "like drops of ji®.li;@(t 
at flr«t. gleaaiiiig :«Mi tifSBapa^nt# •^sa 
then gF&laally mo2»© turbid and opft%m®» At fii»at 
they mm watery# tiimm •amsilaglnotts# and tli«» |je«o©@ #© 
M^Iy iri»©id aa to to-® drawa ottt in Img thi?eads -siien 
tomelaed by t;h@ matdl#".#. A stollay d«sei*if)ttion i® g;irm 
of tli« a,li»y nataiF# of gpowtih on agap .slant# and t%® 
d#^®l.opa®st of a sliay p-^seipitat® tn li#iid 1#, 
also pepoi»tiNa. 
Btiehaaas (8| md® «« ©xt-ensiTe inTOstigatlon of th# 
ga» prodmeed ijy thm l«gw»® iroot nodal# "bmt&vtmm .H# iaolafcsd 
ttote gw fey growing b®aii aodml® organisaa in a 2 p©r e®B% 
sa.e©&aFos« solution., Aft#? a Ihsafy g:powtJa ma s®©mi»®d tb® 
gam was pftoipitatod with. SS jp«2* e®nt alooliQl. added in tJa# 
propoftim of two part.® of aiootol to on© part of tb© 
eulttsi»® soltition.» Aft«i* pttfifying tk© giim Iry ae^eral P®-
pr«elpitations li© attidi#d its pr©p€J?ti«.s • His 
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ta etiitwr«8 eo»;l;ai»ing Mmifc©, a«3ttF©s®.^, dmleit® 
mnA m&ltmm* #tia ##v®-3topBenf mm wltm in solttfclons mn» 
tatning galactose# -mrMtm staistria* 1© gm was 
fiwmfi. to 3«niiiaa.p. p®nt<jt-am and iQlcbtiilia !©• 
isolat-«€ tto© ga» toy pre^lpitatiw witk aleotol aa-d' foiirni 
ti»t 1% was nitrogen fr##, 
(i4|; grw IMzobim tn & nvmh&3? ©f »«4ia 
mn%m^n$Mg «arli©to3rfirat@s anfi nitpof«ia S©QI?@»« i» 
.orAer t® tla©S.i*. .smltafeilitf for gua .pr©dm®tloa.» H# 
f©aii# tfeat- a&QQimw&mm.p 1®TO1«s©, mnntt# aa-d 
allow m h.@mvj predmctiosi &f gaa ifail® laet©s® 
waa m»tiltabl«. 'fJi® tt®st mult&hl® uitr&gmn. Bim,r@.m w®r®-
fomit to b» asparagim -mk& nitrate®.^  ,*lli®®t (3-) prifared 
a 'Seriea «f agar • slant® ®©iifea4iilng varioxs plant ©xtrasts 
and liio®ul«t@€ th«® with root- n-odml® ba-©t«ri* frcrai «®T®ral 
€lff«r©nt l®-|^«s.' H@ ©©»par®d tM« irlgor ©f p?®wth. ©f th® 
©fgimiiio® ©a aifferent m®<lta a® iiiit®at@€l tli© amouiit ©f 
was femet.,- Qrowtfe w&& apparantly «tlnttlato€ by 
all ©f 'til® flaat ®:Rfcracts, both ©f l8ga»®» and ii-om--l®gi®«®. 
®ff®©tiT®a-«««^ -tow®ir®r,. varied wtlaly f©r Alff®r®at 
i»la»ts f®r different parts ©f th® plaat. ^traet® of 
l®g»® roots *®r« foont t© b® partieal'srly favorabl® for 
t&® growth ©f til® l©g^« aotel® toa©t®rla. 
,-ii-
A wms »«a#. ly S«fefabN»rg |4f ) 
.$mwm «B-i _ e&attgt ia reaettoa produced tef w&tmxB sp«tl«® 
0f liils©toiiiia mi gftlaetes«^«g»i', 
S»g tlx species of :Sliizobii3® w®i»e s t^wdldd*. hmws' 
pw .pF©.iati©ti» mmmrm& m .all ©f th# »«dia #3oe«pt 'th,® 
dexfefto^stfttr.. All ^ ©f thm liow©¥»p  ^ siiowed th© 
g3?©wth •©» ®n# pep '-eeat g«la©t©s« ftfor. ©powfcfci 
wa«"irery #1®* » ifelw deattrte-agitF aod little .gmt was 
fhm f««t wmm not-ed tli&t s^ytoeaa fa»g«ii«M. o;f 
©w%0M pi*«dWi« a mrnm-vimt #ltai»F growth tfeasi th© .teerie'Sta • 
steaiaa^* 
% 
Production mm « .^s©#!#* 
ifearaeteriafeic <,• 
Bssfrill aadMassda |11) fMot «. #t,ud  ^@£ tli# 
of the r©ot aodml© baetei^ ta,, dl'rideil tli» 
ofg®n.l«». into three grimpi. ob the 'bmsis of the nmtar® 
their .growth on mgar giants.* ?he gromping i«-fellowai 
•iromf 1 • #rganiiwi'- ©f tM» gr-emp «ak# m thlJi .seaBt. 
p»0ifth,. ffe® strealc is gr#y white and not «ti®l^ t® tott©h.» 
frowth li$ slow a»d litt.l@ pM is fr©dme#d» laelade®' organ* 
isma iw&m Vigam, Smstimj, A®«eia,. I,®sped@ii«p BeiwsfiiltiB, 
••IS* 
Saptiaia# aaft 
• lf"» trewtk la »oi*® a?«pM %hm slioim ^ 
I,. m alsst i« to ateidaitt* 
iS' 3f«l.s< ,^. fli»t0»4ag ttad ^p«a:rl,y -w&kitm to e®l0r..  ^ Qmwth. 
ia not iiawlly stt«lEf .tm fc«meli bmt •©ansideralsl© gia i# 
p-i»#ae»t. Oi»g.aiii«ias trtm *#itl,pt:ma, Msfiteag® anfi f^rigonalla. 
fall la thlm gromp* 
®3?0raip lit.- ^ iPganiiMi of this gipmp 'gi^ow ':^aptt3.y 
witfei a t^daoey to apf^eM, fts»«alc i« wafcery aafi saal-
fcyanslaeent* e®l.«L4«-s aj»@ fttit® sit^ aaA %&ueh* 
ameimfcs' ©f ipm mm p»dta.-^s®d» fh® gm^p' ia-
elm##a •cs^yganlaa#• fycsa ?lelm, Plium, Iiathp?as-,. 
ffifolimtt:, Fliaa®©lw. and StFo^oiiylaa, 
:Qtsm9TW&%tmm' mt a a'tatlar nattu*® war© aafl® %y l»ibHie 
aa<i Um.mn |i8). Th»y Mvgt&is&'mm laftta(t>©©t »©a»l« 
feaeta^ta tut® two gi*ou,^», ' fba of m^mlms 
'mm" a ralatt'ralf •m.pM gipowth. m agaa?' 
plat®* ana % ability t®'jpi^'Oteea'a sbaraeta^istl© 
eliamga in •milk., 'fkla #.©i»r«ap»i^s t® •SiNsaps II aaft 
III ®f atti^rill and Ha3as#a« •0rgaai«m* ©f tb© »e«ornl ^T&up 
,giw alewly aa€ py®im©© a© eiians® In «ilk» 'fhia .gr«a^ 
"e.0rra»p©iii«' to .ffroiaf I ©f Bai»i*lil' and laaa:»a«. 
' ®iiting ami Hastings fgO) potot mxt 'tlia^ 
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i»wtt mi »wiai%®3. 
•agar i» rapMit at tiPittM#aj?©nli tlwftt to«.e»Sjig 
&ttmn mitm f3.©*s #«*m this' 
®mrfae®'••of • tM® mXsmt aeef»uia%'-iiig «t tb.« • l&tfce® «f 
tmb©,. Fr«fta<iet Myg# -laftomiit'S «f gm* • tdMi 
re#fes ©f sp* 
S«ag®aM, #*'®wth m aeoinit®! 
agaf 'irapiil with a ten#«#^- to mpmmA* ©®m«i®'t®n«y 0Mmf 'mA 
©eeAsionallj #^40% tout nmt »&^^m&rk»4 m trifolil* 
•trg«iis»s fi^ ' tJiia »©•©%« of Phas^olma iraljiRris. gh» 
ghj^blw atelilotl ItegamiPi* #B®wtfa cai aasiriitol 
•''wpwwMwtiiOT.mnwiiiiiiii rimi inmniMt mmmmmmmmmmmmmmm  ^
•sga# is falrif but not ®o f«:«t m 1,.^  S #i? i,. • 
i« TOi®i»at» t© mtomA&iitj,, .gllsteBiiig o]pM|Wi «wa 
'wlilfc#, S:oiasisten.cy ia bmtt®yj aai eemsMsyabl® gaa 
»ay"'b® pr®#ae#d bat pa'Is msmaily mo* ##gaaiswi-^  
f3r®« tli«'roo-ts of Melilotus, M®^$&g© «»<! 
.§» IMgobimn japonicum KircbiMtr. ®«rab »©v. §3POWtfe 
#a maonit©! ii al©* mA §m#iaten®f la, lwatt«s?y 
witk little gmi ®f.gani»ffl froa tlie' roots ©f 
8#J» 
le^ar'dty. BaMwia'«»€ (16) later 
«mltmi*al sad priiyslolegtaal' eli®,i»a«t©ri#ties' of thm luplm9 
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»mgaip, im m mXtum m&Mtm m i® mp&blm 
©f wnitlmg with thm mtxmBffimTM altr©g®B ©f tte®-' 
mmp-gy W eh&n^m wlthtn 
thm-'mGrm» m&lmvtX®* II# pustmlatdd tlaat. tb« mmm-
phmGmnm oeettrs 1» th.« lioam#.* In this- #«## th» 
ow mmgmw is d«:rit'®i froa ttm plmU., tte@ mlim^ 
Im .synthesizttA Isy thm organiaw aai pl&nt «iislaS.i«t®s 
tliia nltjp©g©»««s Itiwwstiy... -1® elttia®€ tliat 'tk® 
gm i* 4i»l3rmtol@.» 
Baebaum CS| la •« p^#r pr®vi«m«;l,y wmti-saa®# fetsai 
tlwt tb,© giai piemrnrn  ^hy tha i^ eot nodml# %m *. 
e«b©fc^4f»«t® anil ifAim ptriftai it tw@m fmm nitrogmn* 1» 
mis® mhmtmd tliat tii» gm Is non-dlaljsittoi®#. 'i'hmm® -
laz '^s .-conten tloat., 
#ir#if*Saitii (20 i#®lat®fl Sliiaefeim 
pi» mS. f«wua€ it t© * nlfeF©geE .^f^ #® #»rlwJta3Fito'at« 
yi®Miiig gitt«9»«r am# .pi3.j^ to#« m tefftrol-
yai«. 1® |Mjt»t«4 •&&%. thait til# tTe&m. 
amXmpr&tmim ^yisMs mpeo hjar&IymM, th@ mmm 
mm &m' oMaim#€ fx'om tlie ^ giim of l^aetoiiam and fifeii thi«-
to l>« m pr©b»Mlity of th® pl«it tis««®« 
utilizing tk®' gWf f'©r' thm teiaiMlng mp- ©t tfeeir mi©!#©-* 
pi?ot®id"... :K© that aMml# fowatloB. ©ccura at tli« 
feiat ©f p'm«t®'ati©a by tli# -organiam l>«@amse t}i@ e«lls Iji 
p-]roxi»3.t=y feO' tti# aa*« better ao-ytrialiftd tMm tlie 
smrTOmetag tifsws* f-iw th» betw&ea tb« 
M&st tim b«ist©i»-iia t-s- tlx# «i.t©^ati®a ot 
®a?li©hyar»t«« inat#«ia oi thm 0f nifcro'gea". H@ 
f«?tli©r e©a-eltid@d tbat **lMs5obiw i» ^apatol# of itmtmg 
atMospherie nit^ogea" ia of tM® boat 
^•m&m tl»t tmmm sil«# ppodieticsi'' 
JDft @Qaai«etJ.oa atm% of »it3Pog®» fimttcfflt. 
by itoisoMw ta tia# abasa©® ©f tb« li©#t plsmt 'fit| 
Sa*#atfg«t«€ til© r#latioa gS gam • pvMnetlm to altr©g®a 
fixation* He foiiiMl,. »©• ml&tlim b«-tw0#ii Qi® •«B©«iife of 
Bitf©g#a flE«4 iM •olmtlcoi ©mlt^#i tfe« a^ewmt of 
pa py©€me#i.» -Qm tM@ b«si# o-f tb®«®. flBdings ®oa» 
elttdeA that th@ ©lalss of #feig-aiitJi wmm iairallift* 
It wll,l ba BOtea «t tkis, po-lat timt all of t;lMi 
XnvmrnttgAtl&m #lt@A •deal witii n.£t-»og®» • f i»ttoii in • tb# 
abs©ii©® of th® host pl^mt.' «tet«tji#S by m mmhmw-
of inv««tigato!?« infiicate that «OTe relstioniiMp 'mmf 
©xiitt b«ftw®®n it« pa ppoduciiaf th® abllit;^ of 
tb@ orgtofam to ai# in symbiotle. nitrogea flx«tl©ti., 
Siting «Ra a«sting» poimt oat that 
"la g«a«»Rl tb® protoeti^m- of -^m s««» to .@opr#i,at» witb 
tbe ability*; of ®ii20bl» '"to fl^ jiiti*og»a* i» a^biossia 
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fli® "A'** stmlii o-rganlgMS fixed &n -ail average  ^
than tw4-e# mm mneh »lt.ro^a ms that fiac i^ by th« *'B" 
•atrain oFgani«t»* 
^fh®TOtom ( 6 2 )  .studied th# fei»© *pp#a:rifa#« q € 
nodtai©,® on sifaifa »#edlln-ga »<& ©-aa® t& th® 
that th« organic dor«s not' tnfmt th@ .root haly mtil 
th©' fi'pst tin*® X«ttf ©f th© ««e€llng h««. opened» Ke 
stj.:gg©i(t» that at this tlm© ths plwit ayathesiass « sub-
mtrnum whl^ h «tiiattl-at#» th« ba®t@?i«, in s««h a ^mmmi®T 
that thmf mV'B able t-o- #iit#r th« root hati»* fh@ ©aact 
nafa.i»« #f this sti®iI.«it.S,©itt 1# aot eiear \mt it is mag"-
g®-st-0€ that it may In mm& mmmmr to© e®»ii#@ted with aa 
in-erests® in .slln# &t gm* 
Oh«»igiia. y&tm^e &t th# §m. 
yyMmfd hj ;gat8®bi^ » 
MnW :(43) «b««rv@d that m abmdai®'«• of gam ims' 
prodmeed th« Isgiia®- i?-©®t n©dtai« ©Fganl»«s taader' mmw^&Xn 
•«onditi®iis«. 'I# «mgg:#®t®d that the g .^ 1® a altfogmomis 
•teomjpoimd «.©atalaiag th® a.tiaosph@pi©' nl%T%^m .fi3C«d bf 
the .organ !«** 
Bmhsaxvm .(81, h©wOT@r,: proved this t# 
b@ .He isolated th# baet#ri#i §!»• md showed. 
th&t it n# nitpeg^ia., fh& gwm 
%tm» irtoiie^ h® did not 2*#€»s® F®Miag*« solmMom 
Mt oa ,l^afcl»g wltli «@M.- ia tiia «t 1& .f©a»ts 
foF -an kydroiysl# o«e«w*®# witk tli« predttettom of 
a 3?®d«t©iiig if.mfea'bmt®.* 
fb® gtw pFodueftd by "»©«#'" of ' 
was »%mdll@d ^ #yt»g-S«itli -(14)* St f-omd %im% thm .g«ia 
.«l»ow#d a V9TJ .small as©aa% of TO* ©©asidsy*--
«d ft» rfrtate@d aite©g#a.. fii«. .g« wa# f©md t© b© d i^aetafo-
ir^fcittoi^  «d «» yt@M«d dsict#©## «»§• 
p2»«d@»liiatiiig» . 
^WmA fit I aaslyzsd :»aapl«» -of lliIa;obiu» pta md 
•M:poi«t#d tb*t th#. gM -awiBtaimed »© nitrogen-# 
Efoniai* f38) .«tta.di#d hmtmrtrnX ®ow# inelmdl-Bis 
iii« .gtt» froffi th« »©t- mMttl® S« toydpolys^d 
ti» gm mA frtm mmmwceO. m wltk 
=& TOltinf p#'iat ©f a#i 4ep»«##.« ,1« «®a<o.lad«d ttoafe ifete« 
,g«K -prodmeiti. Isg  ^fell# i»oofc aodwls bft©t®i»l* i.# KfitbomI; 
q«@s.ti.©.ia a, earbohyd^ai.'fc# wiil®Jfe yteMa glueo## -m. :hyd®».»ly«t.g» 
lopkia#,, frntmvmmg. •«nd fi*«d tn •« of 
report tJi® of amtm Intmmtm sfemdi#s of th#.-
•Qhm&tml matwp® of ttu® gm pi»odto#®il by tt^lsobiiat# la 
tim CM) %fe« •e.^-posl.tion. of to# e«ll8 and of 
1^» :^m imm e®B;p«3?«S# t&sso anaiys#« «iio*$d tfeat tiie 
e#lls oontain@4,j' m the asli-fx*©'# toasi«|^  iS»S per emt 
•earbon- a»i 4,69 p®p e:#nfc nitpogm. gm  ^ mi thm mmmm 
h&sis «0Bfcain«# 3Q*$ mat mmiptmm mnA im nttrog&n* 
•Jm til® .n»x:t pap@f (3 )^ data are pmBmatM mi th@ 
myoais meM »n4 mntmnt gua.» fh  ^mroai# 
aeia eontsnt was fomid to w&z*j trm 4*2. fe© tB'.S' p®p'.c«nt 
a«4 fell® pentosan -©ontcnt yaaged fFOffl' 4»3 to 16*4 per 
la tli« next eonta i^biitioa |36) tta® i»«aulfc8 of analyt^ a 
©f gim iTEtm llalg» laBllloti^  Ihlz.# trif^ lil aai Rhig.« 
a,eg .^«atno8-ag'tai mm p«pos»t«4- im •detail*. B@%.0i«ina%ioas.- w#f», 
«md« of tbm pentosan -eontaat, apparent aM -momlm 
asifi content and- F#aa#lng sugar eont®iit»- aeM 
©oiitsnt gav© tti® a®#t Qonntmtmt 'mT%&ti,m.9 
fji© gyii prodm&®!i '^ y Ifeln* wXlIoti •mhemm  ^ ©aly 4.1 to e,® 
pmw ®#nt wrrnilQ #a tfe® O'tlieij? baant th© fvmL 
Khlg. tgifoilli ®0ntiai»#a fTma. tg-1 t& 2S.I p&^ #«iit «3?c»ai&. 
a®M* f3» mroni# it^ ld eoxifc.eat ©f ttie S||8* l©g<imlnoaai»Ta« 
.gaa ranged f]p«: 1S.*.1 %#• p®]P -emt. Iti® mroal# aeM 
t ^ X u m  - m p m  m t  p » i * t i e « l »  l i i t © f # » t  f o # « « u a «  t h © y  t © ,  
©j^ laia #®®® '©xperlBTOtal ip#swlts fimrlag tb® . 
tn vestiiat i-oa » 
fk® r®itteiRf augaip' e©iat»0.t of the g^ms ©Ian TariM 
msmmM&vmhlj 1«it in must of tto® pr«paFation.ii t««t®il It 
wm apppeximatelj 70 %m f$ mmt. 
tM til® TOga-jf of t&if 
gm &&mplmM « 0m «ol\itt®a ws h#at©d witii aeM la -tee . 
satoeittw f0F tw# b©«QPS-,«. fMa |rrepftip-at£;on sb.o*®d a r«*-
iaclng i0©iife@fit ©f fiS,.4 f@r «©at» fh« stigar was tium 
©j^ stalllss  ^ottt -sn.A thm p©#©F and th# 
lli# Tmm&ingm mA %im 
.»Bltliig p&iM% #f ttj.» mmmmM mrr&mp&miisA 'Witte. those ••of 
glae-®*«« F#3?a#iitati©ii t«»ts «Is© lftdieat.«d tbst the 
*&# gl«eo8#..» 
Tim .fteal paper (37) deals with th« identifiemtiom 
til.® tt3?oale acid in tUm In tli®s# t©st-& the jp» was 
,«ibj#eted t© mM iiyd3»-o3.ysls and tMe laroai® %eid s«pa3?»t«€ 
oiat «s. « tJari'WB aalt.- "fli# .p«broffl©|)li®ay3L@sassoa® of -thi# 
#alt li&d til# ia@ltlag «»a th« lbai*lm and nitrogeia' 
Mmatmt- tm tli@ d#pl¥«tiv®s -of |?la©ti,r*on.i0 aeid,*'** 
Fy» til® .r®ault» eit®d In tfe©ae ps.|»«ya it is qmit-s 
mt&mt that tli.® giaa pyoduced toy Ihizotoiam is a ©©mplejii,. 
Mad# up- of gltt©oa« and gluevufmie -aeid matts* S-owa-
Mtey «is# -SBtar i-nto tb®- mate# mf #f tli« e-omplaai,. 
fwa ppodae-ed Ijy €iff«!•:©».t isp#0i©s -©f/Uii-gobiua. 
:aj«e apparentiy diff#3?®at ia ee-ffl|!QaitioB» A sonsidembl# 
vapiatioa «pp«a:p-» in fch.# uroni« &0id and p®-nt-©#axt sontent 
#f til© gan. fp«i- aeliXoti tfi®p-ar#-d with tto® -othsT 
Hb# ,fas» RHia. tytfoXii «ad ^ i^m.» It^ paainoaartaa 
wmm siailar ia thl* bmt €4ff#r®n@«s its 
•smgmv is©ttt-eatj| femtotati^ a r»sm%imn»^ Sst^mtrnXllmmtiim, 
#t#. indieat# that tU&f w®r®. not- M@nti«ml in €t»posit4#n, 
W&tmm &f 0m^9: 
Wrtm Other ^#mrc#g.. 
la a?®cent jmrs Wa.& •e-ii@®leal ©©spotiti-ooi #f 
gMs fip:» til,iff®r0at ten®- %®®3a iiiv«»tigat#4 ratlittr 
fh@a« aaalys®# taatsat® tbat iimm differ-
iEat »o«re@s mre -^pit# 3m. %h.»tw gmmmsX. ehmX^&l 
©©as.tltrntim, fliffeyl^g #3bil«flf in. tfe® aati»« #f mi:ta 
»ak@ mp til® %h.m& stafii##, it if 
»vi4®at that til® pmiAmmA bf 'ffiiisobtiia !»• ai»il»- ia 
many to ©tli«r piaa.. 
:»0'»aii |4S} im tia# #f a Fath«y ©xtensive 
mtm&f of th# pi«®#tt.et» '©f •hy^F^lysiii of .gw t© 
tiie^ @o«elmai©a tbat .||«» -arafei# is not a sttfest«t©« of' 
dafteit# #api?ical. fewais,. *lt i-g. t# 
iiiiieat« its gimeyal •eoapogifeiim^ - a mmXmm. mSM 
toi ®f galactos® apt a aroftie :a«i€, py©feato|.y fala©t«y@ii-i0 
a.eid,-. t© itoisfe i» linlc®# araMaos® toy glm«#sidic linkag®f« 
fb® aratjim®#® is iia, #©ii®f4tt@ae# nor® ®a@Sly split off thm 
Wm ofelii®:r ooa^aaats"* Thm fmfttar 8*isg««tioii. nas^ 
that th»r& Is pyoljably no ds.aential Mftmmnm betwesa 
t&@ gpas and **botli eonsistlag of imxmm& 
md penfcos® img»s linked to wttmlG aelds", P#©ttms.,, 'Oq  ^
tkf -gmm mid h©atcetlml-®itt a-r®. said to b® foiwd by %ii@. 
"ppoti'a.eted mild oxidation of lialtod htxos#" mlta. 
Ginidlia -ftud Boksrsirmw flS) stiggsst tb# ms« of 
t®rm "polymroaid®*"' to #s»oi*lto# #mbst.ano®» Bi«d« up of 
Mng&fM liaked t© ut^oai® aeld S0l#«mi.»#* ffcie 'giaaa womld# 
m. •feia. basis., b# '©Ift-tsed as polyuronides, 
Cwtok©!'' and (M} yepoft' tiiat an .i^doMi^i© 
a«ld of tto® foj^wila '•© i« obtfkla®d on tb# bydrolysl® 
• • • • IS'-t# IS 
of ^g«a a3?abie witfe aeid. 
la a'latw ijapoi* „th@y p^-o-iant data f3Poa whiofe 
thmj di?aw tbe ooaelttgim tbat tli© ^ aldobioaie aeid wbissto. 
tli©y iJiolat®d fr®» .gwa «3?»bl© eoaalsts of' galaetos® «ad 
gluexi3?o]ale a©id« • f ©• tlilf naol#a« *r-@ attaebed »oleeul©.s. 
of galac-tO'S®, arabinos© and rbi^nos®. 
.H0id®lb©-|»ior and Ms assooiatea baw pablished a 
a.ei»l«» of papty®- ©a tb# eb«ai-eal nattir® of tb® -^mm of' 
sptoiflo- poiysaeobarld#!: pipodmoad by tb# Ta2*ioms typ@@. of' 
Pii««a©©©o®ms and'% stmina of Fipi®diiiid«r*s bacillma, 
fb® _|jap®Fa 3?»latiBg %m tb© poly»aeobapid®s. ©f Ite®iWR:e«f:Os@'%« 
will fl^afc b® oomsidarod. 
la tbe ialfciml. m.&. k'vevf CS6) 
€@S'®i»4%® in. detail toe metliod tis#d f-oi* i»©latiiig tii® 
Sml.|rs«#©l«Fide* Ompamla:r material was: is©latM frm enl* 
tia'3?®« 0f fjpm II amd was- shom to be • eayb©-
^toato- teallt tap pfobaMi" -of gLnmm *©:3.«e«.liis»' fli« 
ptjlysmeefeiiridie was tli@a^t t# b® tti# #p@.eifie siab*taa©# 
pi»Miie®d hy t&0 oj»ga-ala«'» 
la a smbaeqmeat p&pw l®id©lbei»g«^3?, aonab©! aad A¥«rf 
d®-s®i?ib® til'© solubl# sps^lfie stt"bataii<s.es pFodtxeod by 
f7P®s I., II «ai€ III th® d®sci»ipti©Bs tQllmwi-
X* fills specific smbstftue® 1# a »t^ar dsriva-
tiTft tottt eoBtmias. nitr&gm -aad Hb#i»:at@s a lomw p©r@#nt.ag@^ 
#f sugar -m do- tba ©tMsr two «gaf^8. 
fypo II. sp®@lfie smb.stane© from tMs «ti»aia 
ef la#iWQBoeeiis Ig « wea-kly nltrogen-fF#® poly-
sae^fcarid# aad® up- ^falefly of glmeo## imits. Its acid 
©fui^alent is,^about ItiO-,. It rsaots iwrn^ologioally wlfife 
,f'yp« II,- antipaewfeo-eoeemi mmm at a ©oiie-®BtF«ti-oa -®f' 
ltS-,000.,000 bmt doe# not pi»©«lpitRte wltb f'yp® I &v III 
at ls-4©0. 
fyp® III» fii«: specific substan-s# tvm& tMa atrato 
Is a nltrogaa-f^® polys-aedtoride with m acid aquivaleat 
of, about 340. It eoat-aias n®t only glmcoa# «alts but als-O 
t]hose of gluo'dTonio aoid o-r a darlm'&iv® of this aeid. It 
3P«aet« Iwmologieally witb fyp® III antipiOOTOOoesms a-erm 
at ls«,000,000. 
Iij anottoer pa.5(«f of th# s©Ft©».^ , H©i<laifa#ifg#r 
131J ,r«p#i^ fiartli®? work oa typ» III: piily»a©©iiarS,a«» 
fiasy siat® th&t th# apewslfi® dia-«pp«mr 
«mbafca»<i« Is 'hyartiy^et* ffe# pp-odusts.Qf |iyd:polysis mm 
gtmrnmrn anfi- m «3.€ofel®nl.e. a©i<l e®w^s@<a &t m .gimcos® -aM. 
a ael'd TMls «M®b4®iii©^ aeli t&rm 
a larg® pmvmntB^m of tla« pro4«©t# of la.y<lr©lysls, tli«y 
suggsst tb® foraatlm polysaeeliai'id®:* 
In a latsir papei? (lt| tb© »«»« autlioi»» report; 
.waditim-al @11 aM©bl©iile aeid ©eastifcttent ©f 
fy|j® III* FB#»®©©eems- jpeiysa^etearld#, 'fbey 
•stpat® fcliafc the tifQaic aeld la gluettroialii mM.. and ma. 
©f fell© 3?##ults 8®€jTar®<l In wriows tests %lm 
f©Hawing «tTO©t«s»al, f©mmla foi? th® a,td©fe>i®al# aelds 
COM 
io-e-a 
Its) la tti® ftm% ^ m 
©f paf®j?s m. th® mpmlftm Umlrnt^A 
tms^ a st'faln «f PiMi(tIi»#@r* s tsscribe t&® 
Stan©®' as' m wltli :St^«agly «©i4i© pjr@p«i*-
ti## «bi€ yl«I€tag glue#®®' m liydmiytl®:, fh® acid 
alemfe wm fmmA %o fe# atoomt- -iBi,- saoy of tJi« r«a,©tt®iia • 
*#» siBilAr t# thos® siiem  ^%h® p©ly«me#tearM® 
tjpm tl 
la .anotfeaF pmp9^^ Amry^ m& §mbmX (4) 
tiliat til® spec if i©' polysaB©ha3?44@.' l»©lat«# trm & 
©r F.ri@«iiiwt»r*« baelxltts sliowt iaiBaftoIogleal ?«• 
aefcioo# Bimil'a?' feho#-® sIioto -fc^y tfe® p^lyaao.t^^Fid® frmt 
fyi>« II .?ii@j»i€>®0e«ms:» ^;^«y co»eXa€# tliat tint#® Fir-
actions: mm pi*®Mbly -au® %©• %hm pmsmm im tihm pm'Hy--
a*.ce3mflds -mS a g^pow gymip# «i»il»i^  ®y 
.ti#«1. @-#aflp*ratioa#. 
ffe® pr®dmots of a aj>#eijri» pQlyt-aedbaMA# 
fa?» fyp# A 'wm^ smfct##-
<|a«iitly^- .iawstigat-©*! 'Ijy #o©l»@|, |M)...- fMa mafc^yiftl'was 
fmmA th® po|,y#ft@ie^mi»i4# fJNs® Pn#waia©'#e0iis 
•fyp® III -itt. »,»« ©beminal pyo|>«yti©s bmi; wm tmm&. to- 'b# 
IwimR-alogieftily aareiat® .^., 
,, fli# f yf# A «-«*toiol3y€i»«fc# *as f omfi to eontaia » sM®-
toi'Oni© &@iii wiii«h f&wm.m4 appw^xiaately ©f 
pi*o4«.0ts Of hydrolysis# A»aly«l« of th® «Mobi.»Bi«: itisid 
iiiai©«t#s fcliat it ©otitaiBS ©a# aele««l# of glaeose fyafi ®b« 
of glucu»nie acid. ' k &%mi.i3itwpnl foraiila ainiiinr 
%& the OB® given fm ftMoteimi© «sld from th@ fmwm»-
©©eems tjpm III #»• is •:smgg#«%@d fo^ th& fyp# A poXy* 
s,ae^«&aj'id@-,- fb® «saet posit im-©f 'tb# flm'®#aidte liiaiEage 
1® not toowi bat it i# papo^aMf «iff®imt to ttbi® Fa?i@ji3.tiid®r*« 
bae iXX*^^  aad  t he  t rm t  f y jp i  
III 
Another intwesting teaet«.3?i«l gw is- 'that p-r-o4m®®d 
Agotohaii-t®g SSSSS^SS-" h@»n rmemtly is»Xat<^ 
aiwl «t«di#d hy asmilt©n -f2f|* B® eoneluded that th® gim is 
a ^i!-ai»h<i^ydr«t« '*'@f th© hi^«r -s«pies". Soiling with seid ^ 
• failed to -give it psdtteiRg, p-rope-rti©!.. It was shorn to- to# 
la®vop©tato3fy,- A tfae« of nitrogen wa-t fomad in tto® gmt Imt 
it was •attpihmt«d. t®. iaptiriti®#* 
Si^i-ayy #f the- .l^iteratugg R<ifiewed». 
frcm th© lit@rat«i»-# •«toleh has bma r&vi.m®& m f«w-
gmneml mmlustmam mpp@&v Jmstifiahl©, of th« faeta 
are of ms0 in th# int@j*p3?#tation of Momm of th® «txj>«i».i»®iitai 
pesttlts whi<ii will h« smhs.«-fti#tttly p«ts©iit«d. th®@® ©ea-
©Imsioas followi 
3.-. fb«: tm- mlSMm or gmm Is « 
property by « ©on»ld«rabi« mmhmT of iiii«r#»  ^
©rganisas. tr»e #iai8 ars #ftrfe#toydi?at# In mtmrn mmA.. 
»ay fe© m. toaals of their pmA^Qtm ©f ^yirsi-
y»is» 
i. Wm mtoll-ity .:fco protoe# tm ob® of tii« ©bar-
:«et«rl»t-i#-s ®f l^Xmhtm-rn «o«t of fcJi® ®mr^oteydr«t#s 
staltatold- for tho pre^metlon ©f -gmt isy to# organl-sa#-
•H* fli-8 profm«#a-###: ©f .pa- predatetio» Api^ Siiir® %© 
vary witli. tte.« iff ©rent, s90«l«s «f ll3.$8#bi» «m€ as « r#-
s-ialt Mty .som® ^•¥alw.« a# ft differ'eatlal 0liRrae-'t-#rl»t;iffi... 
A of iaw#tlg0.t;#r®.li«Tr« atfift#*! 'Wk« Xm^m root 
BoSmJe toa#%®rla into »r mop#- ^ oa-p# «m this iia«i*,.. 
4., It i« i3fiO»gi>>le %tm% »:&m@ ip-®latloaatoi.p may 
goB, pr«ftmett« aai, altr®g#a 
1© 4aflait® pr&&t tliat awsiit m r0l-a:%i©n,*li,ip €o#s,. «r <ioe$ 
n©t #xiat fan® .mm- |h9«s: .p.r#»«it»A. S©w#wr.,, •@te«®rvatioB* 
ly ft a^t»«r ^f isv^Btigators .IKtott gw |3r#im«ti©s 
may piny »«i®- fiart in sy»toiotlc mltr®gea ttx&ttm* 
S* l»©#3at «tTa:^£«» of ttm ©mstit«®nt® of 
gwa 'tiiow that tta« ^m. •®ontains gla@«Ntmi# 'aiiA 
g3.me©»® as primary m& .in «adlti®ii .gHall 
«»©«mts. «f pentosan® ar# s>ro«@®.t* As y@t n©' cm# Jiii# 
4#«<s®®trat®d tlbi« ®3!:i»t«a©# ©f mn sX^AoMtmiis mM. tm. -th# 
-M-
in fch® ligbt ©,f Mmmxjpe€ tn tb®. «»aiysl.« 
©f ©tiles' gtxwi- it 1»- tlmt ««.#& m e-smpouna' maj b® 
5trea#nt ia %hm gm* 
4* -Itos tmu &%£tmTm% sp®6l®& of •Wa.ls.o-feiiaa 
ia %h&ir ©m«titia«ats, 
f., SfeBfcitJi# -©f' «hs»i©*3., of a 
•of gmm • timt, %h.e gpa ii f 
M»ly ttp ©f &@M •emits;. fii#se 
«®id aaits «ppap#ntl.y mnmist of la«x©f-#s op psotos'ta 
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Mo#t of til# eultures U&m b»,©ii %mmtes€ 
tm pie&dum on tlie lio«% plam.%» 
•fli0 in tlie l.«l>0^«ibo  ^ iiav© 
been shewed .fp« a mimto#? of )aiff«i?«afc Soro® &t 
tli©m w#p# i,mX&%eA at this lal>»afe©i»f All® othSFJS laave 
to©«ii ototaln«a th# ©ott,rt«Sf of ©3P».- S» S» Wwm€ of tfa© 
®iivt:|'8fty of wi«on#lB,. W* f* of fcta« laiv» 
mmXty -of XAab®, Ss?* .L»^ f'.» ®f. tla©' S* .B«partntot 
©f 0« of tli« Stafea 
©f Wasiiingt©ii» j&y. Roy of tiie "If&ana ,|,atooi»atoi»l®# 
ant'lJy.. !• S* Saats .aM ^1;^.. 1,.#, Iriaftn ©f tJa® Slfcr»igi» -
Company# fli® i«l}oriii#03?y ntimfe#rs of tli©'ottltei?©-®, thm hast 
fr<m willed "»er« origlaallir isolate^, -and tli# ' 
ionoi* oj» mwpm of the 'eultw® mr© b®low» 
LaboratorT" j Original M&s% ' s Source of ©ultm*® 
of. Culture ;Plant nor Donor 
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fh%s Jjaborato*  ^
.&*•» .£• 'S'* 
Dr. E. B* Fr©d 
Dr. S. C, Vandeefev#!"# 
Thi« laboratory 
Dr. E. B. Fred 
Origiaal Mms% tSmm« ©f Cult«r® 
Plant., i&w liai©r 
Sjp«i©i#:s • ihiaobim trifolti 
30J. Red clover la?. W« f # l*lv«rs#a 
S03' Alalke clover Sr# T* 
mm^ nm, tos Red clover Br. 1. fret 
Sfi!Si#g • Hhlzo l^^  I#g^£»i0ga3raa 
301 ?#% 0«WEt®r©lal culture-
Wb&mk. l#afeoratori®s 
SOa, m^g S06 field F©« Dr. 1. mm |j#iitil ientil Watoom 
* Wa.^ M&h%mai japonlouta 
401 Sojr^ taa tMs 
40g, 403 Soybe&a ©r, 1* H, laatit 
404, 405, 406, 407) „ . ^ 
408  ^ 410l 411  ^ 412) Soybean fM« laboratury 
413, 414, 415, 41i Soybeaa Sr» E* B., frsd 
Sp^elea - Rhlaobliita Bha-a»oli. 
SOI, SOS Garden bean Ur, 1, B» Wm&. 
i04 Oiant kidney 
•wax bea» IJr. I.* W» ©•^Bsaa 
Crosf-iiioculatlsm group - Ummmm 
603, 604, 606 W» 1. 1* frei 
607, 608, 6<^ iewrpea Br, I.. W. lipiwffit 
erosa-i-B^ismlRtloa gnmjp - Ualea (Wood*# ©lover'). 
t@3, Dalea fM« laboratory 
Speele® • laigoMtim' luplni 
801  ^ 80t, 003 Iiupltt# ©r, !• B, Fred 
"ffees# nsiibers for Amlgamtixig tlie emltur»s -will 
b# us.ed tfar-mii^ out tfae -e^ r^taeBt, 
•S®«" 
0e-ir«|.op»nt 
th® #ravta#ti»ie M©th®t 
am •fcto.®.-b®gljinlBg ®f; fell® mzp&T%wmn% it 'bitfls-affi# m%&mt 
»©m0 ttsfeh^ awwt to# #«velop®)a fm 
t®»liiijig mm mmmat ©f gi® pi*«s.(i2it in. s^Mtlon mnltrnm  ^
Wh& hm,» hmmn «»## ta tto® pust 
f©ip .aBsaawing-tli# foa .©ont#Ri of 1m©t»rl'ai •©©»-• 
.«lsts ©f precipitating th® giim Ijy afiiiag f i ©@nt  ^
a.2.&€)Mo2. ©r ae«t®a@ to tl» solmtScm and «i#m filtering, 
ts«3fing and w#i^ iiig tlae  ^ preeipltat#, 
I» -tta.® p3?®lteinAi*y esEpepiseiits sua attempt was mad® 
t® modify mt' staadftrdiz© tMs method »o that it w©uid b® 
Im-B 1» tli#s© ©xperiMSita • aestan# and 
mw* -©©wpartd as pi*©eipitatln,g .fitgeBts.# tii@ '©ffeet 
©f ealeiiffl «»r'feoia.at« •m. gm predmeti'On «as studied and a 
smtisfaetery %:ms!m.%qa« for filter teg th.m gmi mmm 
Til® r®«»lts of th»»# testa, imj b© ®ii»B-&rii$d m - f&llmmt 
!• m&tmm and .aleo&ol 'are ©ifiiaiiy ®ff®©tiir« as 
,pr-«®lplt«ting »g®iiti| :li©ii@f«r, • .gm pre-eipitated with 
•me#toit« uppartntly t&jmB int® larger el^ p,« -Mid-i# there-. 
f©r® ac8s@i4ifit ««»i®r to. filter* 
t.. 0a,l@.ii|» -<imrl3«iiat® .appar#iitlj stlmmlatsd. ^0m-
pro<feieti#ii, fMa fact bas ai-®# h&m ob&erTOd by 
•  .  •  ©  »  
3 ,  i  1 3  
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1 I "8 
t 
if 
©wltmres esB to# ijiir#»|;i.gafe©€ at a tl«@. It *as 
therefore# fchftt: thm <i-©ve3.#pia®iit of a aora rapM msfehoa-
w@«ld b© w&rf it«aiF8ttol®* 
Wftik#r {M} te ttiis lm&©i?iatofy, following th» p:p@-
developed % itSirlii# -and ki« i4Q}i4X} 
ms®ii «a ostwald^ iri#.iio»i*#t!ir tm mm%mring the g«lmlJia 
iifwfyiRg •power of Ife® possibility of miing 
tb.«. »affle inttin«B-#n% fos* «®-fci«ating the ga»- e®at«R,t of 
Ihiaofeim- oultwr©#., tibs»#f#i»% »%ggeaft©i. itsolf.-, 
., It, s#e»@<l pyolsabl® tbafe as tin.© 'gm pwm&um4 "by 
UtoisoMi® i* m liiNta'otliyli® colloid, ife mi^% to 
^eatiy iBO'ip©«tse, th® iri«tt^ @»i%y ®f a©dit»«' fh« 
conolwsioB w«. &mwa.^ tl»:»for©,.. that if th# .^m '&ms 
iBe-i?«fta« th» viseosity of -tfe© haotoi'i.al isfaltw®, th®. vis« 
#®«ity of the ,o«l%w# may ,5a^|toi»%ioi3;al to th« of 
.g«m ;-pr@:8«nfe. In nmh m went iriseosi^  jBs-asu^eiHents 
womiii tadtiaat® th®' •,i»elatiir® of gaa in the haiet:®Pial 
fhat -the. fi^'^t as-swaption it hasieally soniiA.,.. is 
iii^ieatofl hy th® s.titt«a#nt, of ii3&&w «b# Chuajteftvarti 115) 
Sh«y, point 0«i4;,; viscosities of th# .hydTOphile, 
oolloida mT® wmfM gi*@.at#r .th«». of tti® m®€im»,, wtiils^ 
'tho- viseo»iti#.» of %hm toy4yosto@h« ©olloi#s «r© pr-setle-ally 
^©»® of th# 
-43.. 
.faeti. iB m&t turn vtseoaity 
•mi m eolloidftl as the jgmltttr## 
lEt fae-stion, is not by ttt® #««®atra» 
t-ion of th& eoll©l<l an«i t©m,i>@rftt'«r© Mt i«- idt# 'm» 
TOltas't -of a liwatoei? of faetors.' 
'Mmimxkm aat Fulmar (9) potii-t-,omt Ifebat "-wltli tni# 
aoltttloaa tM# m&y- l® €#flii«d' in. 'Of' 
•eoa©«ntra%i®m and temperature. Bo»i'ver, ia <a.e&l|.ng wltb 
e l^aoidi, otsliftr tmeli «;f degree of' €i«f«r;sI.-oa# 
eleotrie eliari®,» previous' treAtmettt-,,^, time,. eff®<®t of 
foi^-lpi ^ufestane-es ana tlxe, iegree of .tolvati« »u»t toe 
oonsMeref » . 
A survey of' tfee Itter&tui?^' failed to. reveml-
pre?ious iRVeati-^tloat dealing witfe the utilisation of 
•visoofity deteiwinatims «,»•« measw© of the gym o-eiiteat 
of "baeterial eulture«. Sowever, Falk mm& U&rwlsm |;1?} 
and Fall, fl8) 'atuated tb# effeet of byfirogea i«. ooiio«a,tra» 
tiom. OS thm vl«#Qsity of bacterial auip«islms.* 1© fi#-
tail.® are given as to tlie »etiiQ«l wMota tlity mm& for '%b» 
vi.seo»i%y «@asufe»»«tic, flae orgaaiaia they uai^, 
B&ot.* ooli> Is not oonaides^i: a gj» ,p»oa[ucer» 
ffe«y fouafl-that feast«ria apparently behave -as' 0'0l*» 
loi^al matter, tliat %%»• vtaeosity Is a function of tlte 
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balfe. of til® t# t«pty». l.ai, t© 
&t s l^uti-oB* fiii-s g%-vm a J'ati® h&%mmu th® eultiar® mxA 
mte-p &t mp'isi»®il«i;tely 
S«v#Fiil otli©i? «x^«riw@ntg. ef- tbt® :S«b« typ# w&m 
©aPi»iM ottt and all tli®a gliowea tfeat %h% eml-
tmmm. &mmlopmA ^onaiderabl© vi»-eo.slty. 
fhe Relation ef ?iscQsltj to the Mm&vmt, 
of am Pyeaeat In Solutioii Gultua^ea M 
Im this t@iit the cult»i»«» m««<l wmm «» follwsi 
aplilati - atrala li0' 
Rhlitobitm tylfolii •«• straiii tOS 
gl3,is.oMii» I#gaiBin#ii&:r!affli-. - straia® ,ajid SOS 
Riblgobim Smsmilmm » «t^ alm 41# 
RhizobiuBt * «%f«ata §©1 
Cto»|>«a bmistiti'lit. • stmSm 
Rtiigobiiat luplnl • stmis S0i' 
•?li« ©omposltl0ii of the «se«t was m follows i 
#liie®»«- »•• 10*O' gp». 







fto# 3?#«e%laa of tJits m%41vm Is mbomt CM#-iium of 
tMs ••edmp©alti<ja. was ia' pra f^eieally all of th# mife* 
si&qiasnt ©aEperira i^its • I 
T'he ealtea*®# In wlileli tli© o:pg«niS3a« w@f« to ts© growB 
} 
w&T@ prepared, lay pl«e.lBg /b.e* portion# of th.© ab®T» 
aiediw la 500 Mnmmm@Tar' fl.asks* ,I tiafflclent. 
:t?f flasS:® w«i*e p^^pa^'-ei to pFOT?l.d« dufll-eat® e«ltw#s #f 
•©acli 0j«gstnl®», 'fto# flasks w.®r# «t©i»ilia#i at ggO' <l@gp®#s 
• C«nt.igr«;a® foF -IS iiimut@a'.. Ufals pr®e'#dairii foa* steFtllztog 
%li© ©ttlt-or® w&m ms tUm st&nAmr£ mettooA aiaft 
I^gMl^ l'• a<lli«red to %h# investtgatiosi* 
fiyi ttowji. la«bs-t®  ^ fw. f day# 
at t8 4«p«@«a Genti^ m^#. - At the .®nfl of tMs p«:^ iod thm 
©ttltmp® *»« fop on® sinmt«.,, to « mlfom ms" ^ 
pension aait « S sample pi^ stteii into tEa .&0twaM 
vlscijsim«%«i', fli® rism0ltj W&M th&m Ifli® ms# 
©f m .$ ©•«• mmmpM w&m a€op%@t feseams# it mmg fouaa la tb® 
pr#liiain.arj feest to glv& tim *a«t «atl8#»©toi?y x»©s.tilt«« 
Ili €}rt&0T t& ©.©ritrol ths i.«HpeFstii3*e ishili® rmMngB' 
W0r» laaA®. »as, ia»«p«-eHt te m. Wrm& 
mmstrnM f®a|j®]?atttr« The wm «&,!»* 
itala®€ -at .SO d&gpmm. Gentigp&M^» Tim 
Miwpm ir.«3?itt.tl©a wai-^ not aof©. %Mm 0.6-
fii» l#iigtte of t:tos- tm- tJm .solatloa -fee* 
fltm' ©mt of *&« wiammimwtmv- -wns ie%#mS»®€ wife tli» 
of a stof . 
®s©b "w'lmmBltw mt&irntB.&tim feii® 
Wits ®-aF@fW.ly' ifi§»r©a»:If w«8b©d--wltb ws-ter 
%& ,gi3» m miktw^e metitai# f® €»'!.«*•• 
wtn« -m tm%. th© toaeterial m# i^ng mmom&. 
itt ttoft wi^ liag of til# wl:mmM'±'m%0r t-ii© wlmmmXty- &i 
w&%&r was occ&sXon&lX:  ^ 4mfing 
:]^ ®€lmtely after' tli© Tiscosity was 
#<wapi«t®i- tb#', gm is, M9 -rmmdmMg porti&n mt tb@ smltia?® 
was -fell® ®dditioa @f SS @®iit a,leo4i®3. 
•sai th& gwm and w«£gh#d. 
irlseostAtif' «£ the eol'tmrm Si®ii 
•wltia. til® of gia. 
Results., 
file y@aaita #f tfels. ©aparljawnt -sapp'Smr .ia fmM® l. 
6m •will to© aot.#i ia -taM#,. tla,® tim© t&r %h% 
#.0lmttoJi to flow TOt ©f tii« toalfe. vari@IE e®B-
witht th# dif.f«r©iat ©ulfew««» 
fb® miStmrnX t£»© ©f fl©w vaplefl 58,8 s#i(js'0»as 
.ia ©mltw#.8 ttSto nat 80ga to ®S,.f aseonds 4m SttlttiF# 30Sfe. 
fii© tiM@ ©f f.l©w ©f Wm a l^utioa ir&« -iS,-#: #®iiQi3dii..» 
It may not## Um .cmltiMP®®. f«ll 
lat® %w® grimps * tto»$ i*ht©Ji w«]p« J«st sli^ tlj m©r# 
tmm % 
Rolatlon of th# fiseosity ®f «olufcl«m 
miltur©s ©f to tlie gaa oontent* 
' • 'I • • I 
lo« t flffl# #f f%&w %n ? ItlXigraias &t gw 
a®®©afis .-I M ©S e.e* ©f 
















































^ FF®:©ipitat# too fiaa to flit®!--. 
¥lS6ld t&ftn til®' eont3?ol solution and tho«# --ifeieli #b©w®d 
ft ratJi^F degr®® of viscosity, 'fh@ tim© ©f flw &t 
ttofi ftr9% g3f©ttp-irari^d ^ froa 38,S t©-Sf •t «#eottas 
tla« tJto# ©f fi©w • of'• the sscoa4--group' ipangM from. 4t,.i t® 
i-S*'? a«©.0ia(aa* ' ' 
Biffs2?®ne«a .ftlao .ai3.f-ft3?©iit .ia'"tfa# mstmrnl :aaoimt 
of .gam .ia .tli© *olmtioaa.« fb® ••samant of gum • produced fey-
tli«- low "fise®s.lty cml't^ sp'®! farl-®d f^ a S2«4 aHligrams-
t© Sl*i ffliHigraffis for tS •©•«• ©.f •©ultmre soiw.tloii.j • 
i tk® «®<m».t 'Of eultmre .solution pemsttning aft#,!* '• a S' 
®ftmpl© kad • been. • .iftm.ov04 fo3? tli® viseo-slty a#a-gto*emeiit.)-* 
Oa the otlier kaai the cultui'es -skowlag higti rtmemltj 
•show.®# gi*®at«y w^mts ®f gaa.» -tli® gasi ©ontmt of tife# 
©ultTiPdS -Fangins fi*« #4*4. lailligraiai t« .Iff*7 alllig3*affis.* 
A ^ompajsison of the ifiseowi.ty of th© tolutlosR. 
0mltt3yp«.» aai tii»iy gKw- •eoutenfc «hows .«•©»«•• T-sk^mw •'lnt®pest.*» 
.tag 3?«(l.atioaaliif.8.*^ 'la th« io«r 'ri.s«©-.siiy'©mltw®* th© 
eoateat i.a •al#©^ l@w''-feat. agpaF^Jitly m&' e®rF©l&tloa exist.#-
"between viscosity and the .gua wontmt th© «oiw.ti.oa,. 
CKa feh© other hsrii,. with the i^l»©.o-.aity •sultiir#* 
A infinite ©orr0lati®n may be not#^ to«tw@#ii th® gas 
tent 0f th® molutioag and their vis#oaitl#iE.. 
la to €.eteCTin« th# natmr#' of thi.® re'latlom-
ship, th® -«ista w«r® ..anaAys;®# grmphieally. fn the gy-aph. 
^hm viaeosltj p«&aings in «i@#on4s, were plotted, •agaiiast 
tb® of gTim im tb# emitiffss, fit# rs-ralta appear 
ill Fig., t* 
fhu©.' grmpb. bears omt ibb.® fae-ts prevlouslir 
M irill hm noted, 1b. th« ml%m.rms ghowiag low viscosity 
BO relatlonshif i« apparent betw®«ii th® viscosity ant th® 
gm, content of th® solatloa* How#V49r, with th© emlttire# 
•iJiowlng high viseotity m Aefin.lte Itatar rtlationsliif 
to@tw©em gm 'eont-ent aa€ viteosity Is ©Tiaent. lxe®ll©nt 
eorpelfttlon Is foasd with cultmr#s 203, SiS muA 
Cultar® prove# to be -an «xe®ptl:@ii« lo fiaftnit# «x« 
pdanatloii «an be given for iSi# results 8 |^<|tl,r@a with thlj 
#«iltar«* lo^wr, th® irttlttar^s eontstinod l,srg® flakos 
whieh woult have liit®rf«rii€ with th® viseo.slty laeasmromsBta • 
fh®refor©, tn ovA&t to mke a visooaity reading It was 
a®o«s«:ary to allow the -flaKes to s©ttl« out after ahalEing 
the fls«k to g«t a unifom •TOsptnalcm.. fh© asjfl'pl® was then 
wlthdram frcra th@ upp«r portion "of th® ©mltur©.. It -was 
posslbl# that the sample tise4 for th® irls«o®ilty mamsur®* 
imTi% th«r®fore|i. eoatain©<a Imsm gm th«i the •remainder of 
th® oultmr®-. 
•49* 
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tbe vtmamtty &i to# cultiaj*# is a gooS mmm^m 
0f %lm relm'tlve of gxm ppesimt-* • 
ftoe m€tta.o4,- t3a#FS.foi*@, not -bav© a widespread 
applieabillty but ia- pi»«5to»blf uasftil for studytng the 
#ff®(Ct of envi3?oiim#ntal factors on .gua pysductioa fey \ 
iiaisobiiia eulttwss ©speelmlly those of m sin,g%0 spemles 
of the organisa.* fhe rate of gum production may also toe 
studiM toy this method, 
fh9^M®X&tl0U ot GQiioentmtiom .to tha 
fiscoaity  ^ .Ajwafei©- Sototions. 
Wmiw^nnwii^-t^NWiwjiJKiiii liiwnniiii ••www—owni •*in»ij»i.«iii iiwiiiwwiiii»iiiiwi»iiiw» — iii»iiniin(>iwii»Mi"n»>"»">iiii«i— 
fh« ®'Xp®piffl#Bt#' whifth hm-r© elt«4 lndt©«t© ttont 
with solutioa «ultw?-e« of .©••Pt^ia »p©©l«# of 
the- relati-ra vi»#oslty of' th® -mltm'9 is apparently pir®-
portlonml to the ®«omt of gw8 whi^i^h tt eontains ,^. 
la 03?d»r to 4«t@'r®ia# -whsther or not this ssae- •r®-
lationghip is shcum ly oth#? types of -sai «:sp«-rlia®»t 
was p#i*f0m«d to test th® #ff@ot of' teom' oonc«ntratl©»» 
of gap on the •vl«@osity of th« solution, 
tta» ara^i« was, ehosen fof this stiwly h«®it«s© it 
way h# -F#«4ily ototaine€ 1b m rftthsp' puT% f om «n<t %m 
pj?-otoitbly «<m®what ia «h«K®ieml •@«#tit«itioa to th» 
giia- isPMa-eM l»y ShliKffeim* 
•Wh0. gi» ttsM im «3KpeFia@at; w&s W,- S* Pharsi. 
It was a wM%® p©wd®r «lii^  p&mm^ i»att4©j» r®««li2,y iBt© 
seimttoa. 
fit® t»«ts w0re .@«n»iM on as follwss 
of .gtaii- araM© ws» praparet "bf 
pl& l^ag' 1,0 jpj'SBs of .gas  ^ aratoi© ia 100 #.«©, of distiliti 
fis® «0'teticai mm thm set asl#® in tJa® Tet¥%.-e,mrmtm' 
fmt M homtm t« allow. the g«. It© dis»iil^ ® -anA %hm solmtio» 
t© •©«# t:0 -d-fttilibrim. • fli® .seltttiffitt was piaeM at^  a l®ir 
%mpBr&tum in 'OMer to iiAifeit gr©wt&. 
At %'hm mn& ©f thi» pwlod feh# ,gta' »olm%i«Ma •*»« r®-
i8ot®€ ,fi*» %ii® p®f3Pig#rafe©F,, e«i»@fully shaksn and m s©,3?i®» 
Qdf iilmfcion® w®!*® pr®pap«fi giving €«®F®S8ingl|f .«ffl«ll®3P 
®©ne@ii.ti^ fci®B® ®f gt»,. fb® vi#e®sity ®f feli®s® solmtions 
was thea d®*®i«iji®d» fh© t»«p®rsttira- whisls r®adi».g# 
•ii» :^^ «a€® wa® 2S«i 6«iiti^ aA«* 
f®®t 11. f'©i» feM«. t#®* «^aapl«s- -©f %h© ,giia wp# eare-
.filllf w®i^ «d int® 250 c.c., li»l®a®®y»r filiate®, .¥fe® «walJ.®«t 
©©Rtaiiied, 0.»1 grm '©f §«»• fb,®' ajB©ia;fit. ,ia th& &timw 
ia«pl®® ia®3?®as»€ 0»1, gi»aia® %@ 1,0 p»«. 0sa® liiiiitFet 
©.©•• of €i®tlll®d water wer® tiii® la®®®!!?®  ^ int® tlie fla®fc 
wi'tb a |>ip«tt® ana %li® flasMs thes. pl.ae«a ia tii® •!f®frig®i*-. 
at©r f©p -B4 houm,. 'fti® 2r®lati^ » i^a©©«itl®» ©f tM® vai'i©tt» 
s©lttti®n® *®i»@ t&«a #®t«3?iiiBM with m 0-stwaM 'ri»®©te®t®y. 
Readings w®i»® tate®ii at #8 ^€®ip»©es 0@ntip»aa®.» 
ill. fills test mt» to. %h.®.M^mm-
mmam m 11 • ®3s;e®|jt' tto.«fe ©f m*ing Mat-illoi 
fctoe gw® aolmti©® *fts prep«p®€ by adding 100. 
©f y@«st««xt.rmiet-^me#ii« »'®di'«BB to tlie w«"i^»a .«aap3.#» ©f 
a.@s«ifcs« 
ffee mf %li# JPiipst «:sp-©rii^nt app®«j* .ta. 2, 
fk#»s p@aalt» iiidle.«t© th® viscositir ©f tto,© solntioiw 
Wfts aoF® pj»#poi?tloimJ. to- tli® aaoiMt gam i»M#i 
ecjntatoed, 
fli® ip@.atiits of tb# «@eoiid and thii*d t«»ts ar# $lTm 
la fabl® .S, fla#.-g« dstta als© sh&w fetoat tli® viscosity wm 
ffactlealJ-y |>:i^ffortlon.fti t« th« e®n€©nti'atioa- -&t 
Umtmmf m reaarkabl# differeae© ©xi«t«d In tlie a»piltiid» 
•of m® vlseoaity rmdtnm  ^ -s^et^ -ed $xi Wm% 11 m& III*. 
fMt mly treatment diff^ raae© in the tW0 t«sts'*as thAt tm 
XI distilled w&tef wa« ms®d f©i» |»p'®pariiig ttie .gwa 
solmtiims i«iil® i» tm% III m. y#a«t-«3Ktj?a#t»gltte©»# -solutloa 
wm msed, ©matltmaiita of the »©ditia, spps-i*®»tly 
pskT'ti&lly m@mti*alised th« iri»©'08i^y pP'Odueing faemlty ©f 
tk« igtiai ai»aM« . 
th® Ft'salt# «!•« shorn graphie«lly in Fig.., f. this 
»h©wa «iaoth©p s-mditi@a. As My 1j« not-ed, in -all 
of the isone«nti*atl0a of gm& 
araMe to 'to® Tt.8©©®l,fcy ®f tb.® aolmtloa* 
« 
'# 
s •f lai# <jf f luw ia 












Relation of ' tii® of'gasi. aratol© 
to the vi3'.@©«lty ©f tti® solution. 
6©spafative viscosity for tta.® si«i eoncsentrit-
ti«aii dissolved in distilled water and In 
y©ii»t»®xtract-glucos© medium. 
t 'i 
#p«aat #f gsM t *Fime of flair itt s Time of flow im 
p®i* 10© ©.e. 5 seconds. f seconds, 
of soltttioa s Solvent - wmtrnw t Solvent « »®diiM 
1.0 70,2 Sg.f 
©•t if .4 il.S 
0..:S t4.« 4©..i 
•0.f •il.f 48.4 
o.s st*i m*z 
o.i iS.f 4&.t 
. 0.4 64.i 4i.l 
0*3 S1.4 44.1 
Q..t 4f.S 4S.31 
o,i 44.,S 4S.1 
41.4. 

©f the wiiea tli© eone@ntyati©n. of tli© gm 
0#1- mwA 0#§ gr-aa«-f@3? 100 ill® Tias^sitj wa« 
& liaear fajictioa of th© -giw eoaeenti'atlon.. A 
lfe^#alE itt tht# -©wve th®n oeems-ipsa O .^S and O.i gram*. 
At ^Qne^ntrtttim# gra*s •amA %.mQ ®?-ams th«  ^ ?«-. 
latl©n ship • again 
SiS©MS»l®B, 
flit t«sts whifsh *#!•# with, gism gflpabi©- sol^atlma 
indiemt© that at «e:#rteato •©•onetttti»ati®ns -©f g«i tti® "riseosity 
®f th# ..solutioo was jp^opertional t© th@ gaa eonteat of th«. 
•aslutien, A a®w f&otor- th®a ©s®® Int© :p2.-i  ^ wsd th# r#latIim-» 
ship ©@aa-®4 to to® dii^eetX^r proportional. At a aoadftoat 
higher ©#ne.eatratie8i m-proportionality ftgaSai «pp®ar«i» S® 
Sfctb«apt will Bs&d® to «iiplaj.s thi.# ph4«a^®»©n hut-.It ffiny 
h# tai#n as. an indieation of th© eeapldxity of factors -^toicto 
wmf hm inTOltf«t. In m «t«;% of the relationship h«tw»s« th® 
iri®o©mitj of eolloidel -solmtions.. ant th» oonenntrati^a sMT' 
e®ll©iAs« 
Ja g®a®:r«l th® ©xiperiaests ln^«iife.« that th# '^ is-
eositir of the psa Mabic solmtiosis was »or« or Mmm pr®-
porti.mal to the ©oneontratloa of Mm&mvg .at «:«rtalii 
©oataatratioaa. mmm f«.eto.r m factors maj «t®r 'iftilA, 
-ehttttf## th« r^ Mtioaship., 
•§8* 
 ^ .la. .« -anA oFg&ni® 
e®ap©«M.# 9.m®li m .th© oii# m»«<l iJi HI, -Ito® •ria^oslfey 
th® gi« ra«y fe# reduced ii«t,©r.i.m3,ly. 
IffQSt Q-f SfaaMng 'm. th# Yiacoglty 
tw th@ of stu4i»ii oa th® i*«latl#a'.©f tfe®' gm 
^mtmt oi Ijaeteriai soa.ti%.i©ns to i:3a©-iF .It fe®-
e«M@ • .appfa'®».©»t tliat. tr^ atsents of tlia enltw©« mi^ t 
grofamdly. teflman©® 'rl«e:oal,fey» • 
• A Qm©atioa • stT'Os© as t;© th« mttmt- of shading om 
'fisQQtsl.fey &t th& miltmrrnsm 
. '^ yat gliafeiayi^ M.iiiit. -i^ -aiig© %h& wimmsi^j -of- tfe# 
-©ultmr®# ms aad® &ppmfmmt liy m mtm*mim% tnm mmrnmtt -|«)«-
g® gmy«-, -©®i.l©J.d»3L sslmtioas of gtlafeia 
•safeatan©®* of mmm • typ#,. tli® Tiaaoslty -^ liaiigea wStli 
sliow4ag that ia a .^ admal, eli-auge- ia tshs «-t-snie«-
%m .^, flii.8 i«. .fttrth#  ^@-©3ifii««i tey.tJi© «iat tfe# 
fiaeoaity -of s.m®Ji aolmtieug mbnMgm Wti&f are. sliak« 
•fiol-eatiy'*-.. 
Wi-tia this i» ffliaA aii if3£p©Fi»®iit was p@iCO»a»# %© <ie-
tmmtiMm. %h0 «ff©«>t -©f j^ alelag -©» visc-esity, ' Wqt %hm taat 















































Iffftet of a&aking on tai# irla-
eosl^ y of Khlzobiuia emltmres, 
«. 
• I f'!»# '©f flow • In MmonSs' af 
©ulfctu?# J for 
No-,. s • I ' • , 
s Shiaken t Shmk^m t :Bh&k0n s Sb&km. t Shaken 
t 1 mln, - I M i«ia« ; 3 ain. t 4 aiu, i 5 mla* 
s  t 5 - 5  ; . 
im 44.g 44.1 •iA*©' 44.§ 44.3 
SOS 120.8 lgl..4 116.0 ltQ.0 
sis 48-,f « & # 48.f 
4S,.t 44 ..2. 41 # 43.2 
•0ultmr©» siia^cn oonfci»itomsly. 
— 
til#- ©%J.©stio*i amf raised that Uli-® iaAtiifel,, nbakiag 
pj»#te«b3,f do.wi th®' thi* 
P'Sint *«:# ''t®sfc®€'in •su'bs«f««afe «3Rp«rtm@atr« «ftd the results 
.tiitjiwM, tliat m, violent nhitkin-g -of. tli« mpparejitly hai. 
a» i3aflm«ae® aii tb® vis^^sity of the .©aiture thma that 
ptTOdmii®-d by m mry g©»tl® aiisitiag &f th#- ©mltw#; 
Iffegt &f Mda4 oi? Alfe&XI Vig^oalty. 
la -«iaoth©:r faet-©!* .ifelfli aii^ t iiifltj«ii©» vise^sltj, 
%h« ,r®«tetli>a of tli« »®4i^  wm» W 
was fiwaad t# iiiflw«n©«- the *!«©©»Ity of th# isalt^ #.^  'It.-
l>#e«ii© »|>ps.3f®sit 'that th# -^a-eti^ profc®®d "tiff 'thm 
th®»«i¥«s Kigut the wiQttut of w%Mmmt%y ifeleh, 
womM to « gl^ <m in«dlii»,. i staty »f -fe# #ff#et 
-@f ^-ma mMltt&m of «#i4 and ©f mlkitli m th«, flaoositf- .®f ' 
'%km ealtww-, ths»f®i?©,. #«©«iNl 
f-&i» m.® t«»t# of stFaims- .-SttS 
-aiai §©1., •mil of. whleh «how hi^  vi»©oaity..,'. •wsj»# 
Sh@ -fmltwr#.# w®r@ #h«k«a to gl^ e « mifsm smatpiiaaK 
^mA thw^®,. ti c.c. 'paFtieas -fBEw ^nsk. 
&m of th«s« porti0a«. wan. • »,#• tJ  ^ #iiatjf«3.,-
-it-
to tkm mmmmnd O.ti of 0*1»' ICl wa# mM^S. iaat t© 
CJ^Si ©»©• ®f 0*3.1 laQi wai afidflid. mlfeni'#* 'iraiye 
thm. .shakes .said tb@ 
l©.aRilfes. 
'fte« .©f tim t.s#t .»« gtw&m $m fS., fh® 
fi.fa3P«.s • ila®* that t3» ©f ».el€ ox* mXkmlt 
mm m«aamr«ble m irl«#o«lt|' ®f tli© feaet»2*iai 
fta.© iwa l^ngs mip«'e wltMa iSi# lifflits ©f mtmtmy 
Qf %ik  ^ 'vlBrnmity t©st... 
thm insults ©tetmim#A Indlfrat# tiiat tim 
0mmXX mmmm^s of «eM or -did not influon## 
tim rismmlt^  tli® •mia..tii».g ma-sll.lst tii@ t#st., th® fa©t is 
2»«#Q!|ptt«#4 tJ»t pmlsatoly n®. mmw'Sm  ^ ^hmngm im. mmetlGn wm 
pi»«5#ae#€ &f ib« aetlea ©f %li«. to 
tto®. hamd,: 'feMie t#st l^ ,S.e.at..©.s Miat 8»ill. mmmM 
at 'Bha&e® iM r«.a®ti©ii. -pr^ dtee^d fch# ©rgaaiswi-- t]fci«awi-#lv«S' 
p» f^eaWl|f does not mf pftptiemlar teflmta©# im %li» 
irlii0®alt|" til.© -emitTiF® 
f All^ S 
Effect of alkali or bas® ©s 
viscosity of solution culture# of 
Rhizobium. 
' •  ^  •  ^  • •  •  '  " j "  • •  
•0«lt«p® s 0«natrol • i A© 14 &&&m& i Alkali aM®d 
!©• I «®lutloia 5 % 
i . ; • $ 
2m 81.2 01. t 80.© 
mn «6.6 se.s ss.s 
m , ma '.ss.T SS.S 
EStmt Size of tnmnlvm m flaeosii^ 
®f gmltegg Solutions &f Rhl2el>liia. 
la f li'st; stiidy of tht ¥l»oo#ity prodmeed ia 
solatloiis % minims sp#si«a of 'Slilzoblm, tJhe 
faet- wm iiotad. ttoat wltii ctrtaia apsciea m f-ds^ emltsyp#-
was f«l-3?l|r •flseld whii#; otli®F sp®el®s of ifclsoMiEa d«^#l©p«d 
P(f:«©ti0a.lly a© ¥l»#®«ity .la tli© w#dtw la %h© • mmm. period 
of -tj-i®©.# 
'In. g@»©pal It foiiad tliat tlae speoi©s of liiiEotoiia 
ifc-leh prodneiid viaeid ^eultu]p@.a w«i?# «2.«© ehmFaets®i*is#d liy ; 
i»mpid ^owt& .©» solid a#dia. Qa the &W3.eiP hand, till® 
apeei#a prodme®d littla iflscosity ®Mrm©t®piasd 
ft ^i^paratiwly slow g^wtb ©a solid »«di«.. 
•Oa tb« ©f till* faet 1%.- was «fld'«at tli&t tli® 
mlm of liaocmliM »l^t bstT# aoaetiilng to do wltli th® 'rt#-
e©#lty OF laete of ^is.iiofl'tey s&om ifey Wm cultu«N8> 
Is, tli« ms® of- .a li©ai!^ laoculatlom of a alow ;i^owing 
oi^ani.iw «i#it m&blm- '$.% to p-roduo© a great©r «@«a% of gM« 
iB tlJ« f-day iaottisatlom ^.©riod ttoaa it wmild f^roa m 
lao«»iilfttioa» 
t««t was aad#, thtpefor®, to dst^mto# tit#' «ff«is% 
of «42t- of iiaoowlwa .oa ^isooslty ,p*odtt#«d toy mrloms 
miltwss.. 
mvkltm&B la the teat- w&m  ^ m ft^ll&wm 
Rhlzobiufflt aellloti • gtrato 2.IS0 
Ry.gobluBt trlfolll * stFidns M5 i«Qd 
Rhizoblum -» atra.ta«- ioi'd 
Rhiaoblum japonlcua « »tr«Eaa 41.® m.& 41© 
KfeigoMna phita»03.i - ttMliw SOi 
SiiE flask# ©f sterile aediiSB were p.ref«red for 
©«#h, e^tar®. fM# provided two trlpllemte series of 
omltmres » 
flie m«ai"aa msM m«. the feast-eattrnet-^mooae 
.sol«tIom pref'iowslT deseritoed* ?h® «ml'tart# saad Imosule 
were pre-pared ae-eording t©' the proeedmr© imtlliied pre-
¥i©ai.ly.» A ft ho^- -^mltwrn was «»«d for imo©«l«tiii.f the 
flasks# three ©f the flasks %n eaeh series were 
leted with 1 ©•#• of the ,fro-wi»f omlture while the other 
'tfer#®" fla«.ks- were seeded with  ^ t m.*G, of the s«te .emltMre,. 
fhe fleste were then teemhated at 08 degrees Oentigrade 
for f days.# 
iM alteriiitte days d«ri»g this p«riod,|>; lai© flastea 
were 'wmmm  ^ the- inmhator 'SEid sh«l:e» gently for 
epproxiiBately .seoend#* fhls served to preveht the 
for»ing of iila»p» in Sbte i8©diia»* 
At the (md of the laemhattiaii- period the •"risoositlen 
•of til* ©«l%«res «#!•# f Ji® aaM 
g&f® s»«Tsrt»% hlgtier wma&lngm th«a tfe© m& tised to 'lii© 
first ©apepimsat* Wsing =««• tli© t«st flmt€ aa# a 
®i»afea»0 ©f 8a irl.»©©»i»®t«r gav«' • 
a «#«on€sc to f%ms ms mfmpmmA wilfe S?,«6 
f©i? fch# fir«t ^i-seesiffl®*®!* tfe# ss  ^©©ailitloas-, 
Sssmlt*. 
f&© of 'tb® t®at a3?@ 8«as-ariii«i Im f«bi» i» 
f&« 4at«. .gi¥«a taeMt© tli# tiwrn -of tlm &i "fehe 
trlfliilat© tJb® in#3?«aa« Sm .%lm# of flew oTSf 
tb# S't#ri3.® -fmnt^mX -sM tb#- rati® #f tb© ttis® '^ f flw ©f 
til® emlt«r@ s^elmfeioii to tha.fe of stseril® 
fli# ©f Rhigol>it» m©Ii3>#ti mmm fmmA. to-
b# ©ontaaiRmted at tii# en-d of tfe© inenbatlon perloS -sad 
n© iris©osttj reaiingfl w©fNg>- satf#. 
An analysis of tfee €«t«, «how«, definitely tfaat with 
all ©f the -QuliMitm th© sig© of inoeultjM .-as^i 'bad 
a© ©ff#et m. thm rlwmsl%j ©f tli® fliis-laek -©f 
InfM-sae© i# partieolsiply ©pp»i*0ot Wm .F«ti©s- ©f tii© 
¥is©oslty -©f til© t© tbmt ©f tto-® m«€iw mm ©aapared* 
In tib-@ ligkt of t&®#« findings it s«®»s: jpi»©b-aljl© 
• 67-
6 
The effect of size of inoculiwi ©a *61#* 
cosity of solution cultures of HiiioMw®, 
GttlfcmresSlze of s Average tlsui Inereaae oirsft sterll# 
S#» linocul\a3its #f flow t sterile t culture 
s{c.c.) t fseconds) i meditaa t mediuja 
. .. s \ I t 
2m 1 60,2 17.6 1.41 
m§ t 60.5 X7.9 1.42 
206 2. 79,2 36.6 1.86 
206 2 78.6 36.0 1.85 
302 3. • 60.2 17.6 1.41 
302 S 61.3 18.7 1.44 
305 X 61.8 19.2 1.45 
305 2 61.7 19.i. " 1.45 
410 1 44.1 1.5 l.OS 
410 2 . 43.9 l.S 1.03 
416 1 43.2 0.6 1.01 
416 t 43.3 0.7 1.01 
BOl 1 61.5 18.9 1.44 
SOI 2 59.9 17.3 1.40 
503 1 53.9 11.3 1.27 




tbat tar .a given su r^ m ©qmilibrliM 
polmt'may ©xlst tli» «»@m% of fa» jpa?©duced, tb© 
.Qf #©ns«®#d aai p«rliiips,, tii® awtesr iif • 
#rgania«.s f^M«. is app«-r®atsly 
macfenid la fcli# eoara® ©f m ?*»day ia««l»ati©a peFlod» '!& 
mXl if th%- Tj.,i«©8l^y'asaswreasfrats :liad li«#m 
Mtd# aft«-F -t -.©r days to®mbafel«»i. tia© ¥ls©t>»ity EH©«dla®i 
lal^t Imw differed hmtmm&n two aerie# of 
Wr&m fell# «a£p®Pia«iiLt, tt i« ovid<i®t tfaat within liiai'%s 
%h@ aia# «f iuoemlwK m##d, li*# iafltt#a«© 'm.: %hm 
vtmrnmltf of m #mlte»e golutlQja ^f IfaissoM^ at the ©»€ 
•©f ft f day iB.«mfe«ti©B period. 
gff«®fe Qf Ireagfeli of InmA&timm -m 
t& irA@w -of y@:SM.lts |>i*®irl©«»ly ii ' 
appayeat th&% fcli® ImmgWk'mt tto® inettlMti®a period 
have &n mi %lm vi»e®aity d#i'#loped i» IMsobiw 
oulturo#. An ejigp®i»ia®»t- wa#,.. therofoits;,^  ^ e:&rrisd ©m%. t© 
e:i»p«r« tifef® -riseesity '©f BJilaofeiiiffl after f dmys 
a»d aft#!- 14 day» iaTOfeatioa* 
lathed* 
IMs, «xp@ria©at w«« .©«wt®€ mi m% tli® »&&&• fcl.a» 
&« tJi® «xp®Fiffl@afe m the mlm of iaoamlmi. Bj ^©Ing' 
tills Imn was re-qmly i^ b®®amii« ftfe® tlmim in®®-
witfe 1 ©•®.« of' tm&emltta mxA iii©ml>ate4 i&r ©».#• WQ&k 
smwmA as ecwpaf^ itm eu3.tap»s T&t #xp®piffi-«nfca. f® 
t@st tfa® »ff'#«ft of «. l®ng#3» Mmh&tlm ^@rlo€,. dapXieafe®. 
#mlta3f@s w®!*# -at. ttt# »•»»« l^a© as fell# mM'mpms 
for til® ofchef $xpei'i«'«it ••ana mr® 'to««to«te4 it Aafs .ias%««A 
€3(f f flays* VlseosJties i*®r# tti©n datewiln.dd in fch# daa# 
»«iin.f@y aa "f©i? feto.® 'f-JAy eml-fc«r®« 
a®;sulfe-», 
'fbfi r@«al,fe» of #xp©ffi>nert ap-oear im Tal?!© 
fIteNNi Ar« 'M th& th«. of 
fJ,#w ®f th® caltaf©,, to tla# ©wp that. »f 
th® #-onti*i»l 'aolmtl-sm ®n4 tk# i»ati© ©f th# time .of flow Qf 
tlug: eiiit«r© %m tliat of til®. .«©at.i?ol. 
fb@8«. last valtiies mwe mf p»tio'aXai? l-at®F©«t to#-
tams# tii&f »lmw tb® • pr©p03?tlo».»l. iii-er#i6s@' #f tb« 
ealtmr®#*' 
All "ttualys'ia @f th# »h&w» Wm foll®wls.g ipamltas 
•70-
Sf f®©t of ttie lengfii. ©f tb©, iaemtsBtioa period 
©» til® viscosity ©f selatioii emlt^ «s of 
liiisoljiura.. 
s • • t t 
: Length of : Average time: Increase mmw i Rati® 
eultmre {incubation: of flow in J control t to 
tlm t 






20S 61.4 18.8 1.44 
205 14 61.4 18.8 1.44 
206 7 79.2 36.6 1.86 
206 14 68,5 25.9 1.68 
SOS 7 59.7 17.1 1.40 
302 14 : 53,8 11«2 1.26 
S06 61.8 19.2 1.45 
305 14 61.9 19.1 1.45 
410 7 44.1 1.5 1.03 
410 14 46.5 3.9 1.09 
416 7 43.2 0,6 1.01 
416 14 42.6 0.0 1.00 
601 7 61.5 18.9 1.44 
501 14 71.8 29.2 1.68 
503 7 53.9 11.3 1.27 




!•» of B whom m 
irise€>#ity 3.4 thm wm fo«ii4 f toy* 
#«teatJl©ia, on# of %lm « rath®]? aarfeftS 
iia»®as# la Tia©o#ity wMl© 43.%' ali©wiid maXf 
a slightfc 
fi»0' &t ;tb® etJltures:# 30S afi€ 41® :«b©i» pottle-
»lly tto® a-««® ¥iis®©»lty aft <a#%®»lna%l®a-#* 
fb® f&nr- wmmmt^lng eultui»®«- ah&w- a mpprimlng 
iM -^tjie-oalty aft«» 14 4ay«. a« 0o»pap#€ witJa Mh® 
rimmoMltj mhmim hf tht» l-day smltmy®#.. All -mf d#* 
#t^as«» vmvm @f aaffieieafc %o aipilfieaafe» 
•pl#®a#«ioa, 
•fit® tent itol«te !»#. Jmst fei-«a S.iitl«at©s t&at 
mna#? th© €.on€ltlonir of ttm. mxprnTlmrnkt m ?«#ay luml^ afetetii 
p®rlo€ t&' liM&Xj to ^onduel^® t#- •• 4.9w@%-&]im@nt «f a 
a longaf tne«feiifel©B F*irtii#3S» 
tfe® l®ti®iF pwloi ao©« -n®!; &mmm th®: low 
tiBmrnitj cultw®s to pp©ias®- any stji^lfS.saii'fc lm<s-r#a» 
tn 
it- Is ' lllffie»lt %& ©jsplaln rtay s©«# &t. • 
.^ ^ultwes'aliw®# a €@isyea«@ la vS#©©-8lty Qmi-lng fcli« mmmS. 
m^'k #f til® 14-€a|r' laettbatlom p®pl®a-* ^tt we aas«»« as 
%h.m% the lil.#i vi.«#©«lty 
ali^wa toy «.«# of fch« a«lfeiMP«s dma largely to th.® gw 
"ateiiili ttemy bti^n m 0.mwmm in viseoalty may b® 
totepi>3*.»t®4 ma a <i»€iTO«s#  ^ In fcli® em 6-oiil;»at of Warn «©!«• 
If a. 4«er«a»» in goo. do«s wear thrni in all prob--
ateility %'hm gun is b«-'lng fey t;li« &att©-rti. or may 
b© ai»i©i»^iiig i(liS:Sol%ti©ii mm- m of tJi# aetliai' of 
liitmetllmlar »azy«@# pr®S:«at .la th# aolutiim m. m 
©f th® :iwtfe®lysl8 ©f mm hmm%<sTlml @#lls* m&wrnmitf. %&«• 
©jtjplasi® tloa 'Is only sp^i^imlat.!*©.»• 
;.In fch« ll^t of thl# #3ip«#iiB«nt 'fell® f-i«ty ineml»a--^-
tii^ ri 1:« apparently amifc@€ fm tlseosl.ty 
tiian m l.©ng«ff W&e tbts -mmam in ail #f 
'm# ®.3ip®rl»nt;s whl^ h,- mn^m -mrrlmA m & 
^••iay iasmlwtiiai period was: ms#®. 
Vigftogity. of Cmltmrftg .of 
HalzQteiiawi aa.. a.:Sg##i®;8 QhaFagt^rtstitf., 
I3^®rla®nt«: warn in th& mrlj fa,3!*t, 
•@f tli« ltt»s'tEigatl©m siiow#fi th&t semm ©f .iBiigQMtta 
b«©«a0 Felati'Tsly viaeiil -af« slieiPt f®pic  ^ of .in'©mtoa»' 
tion wMl« la #-fek#r  ^ emltiii?#*  ^ 'tto# was mXw 
sli^itly gr#at®ip '^ an ttesfe of %h® atftfil® .imltMf# m©dlt»» 
In imtm %mm%n -mmml. &i tt«s® -sailtia*®® wem -tmrnM to glm 
siafesnlly «how»4 llttl© m ao lii®F«as« 1R -rlseoslky# 
Tbsm® i.n&mtM€ 41iat Tis-eosltj pr@#acti<^ 
might hm « ©lia.2»a0ta-»'lstio of sp®ei®-a ©f IblssoMm 
fcJj@ latk of th«' abilil;;y to itte3?®»s» t&# fiteQ-sity 
•©f tlx-# «oluti«® @f .©tli©x» •tp»ei©t# 
fli© a,ip=p®ai?#il t:ha%. ttot fee«t. • 
migbtt ©f «w# 'Valti# •$» tb© vai'i^ m# 
ipa0l«t ©f mi might a Is® t;to®w «soi« 3.t^% m 
tilt l^atiaasMft 
•Wttb toS« la 'mlw& «a #3it@iisi''r« stisiy wa#- mad#' ©f 
til©: p-rediaetlQw. fey « i'arg® of ©mifcuif#a r®* 
S. ©yois-taomlat- i^cHi g;i'mpM Qt •ffiiizsljlia. 
IK fcto©: o^wira® of feh® «xp©-ri«««t &r®« '*»»-&» 
wr® -mktm Thm p?o©«dmf® *«« t.k« #««# wi'tli 
til# tti« mly ifapiatie®. in th# ®teaiii« 
©f niiista. ipi,ife ste€ie^« 
Wgw- t«»t * y»a:st;.»«Mfci*ik«i'l^ giws«ss® »«€!«« wag mssHi, 
fh® eeapisaifclfflft ot th« ma tto.# «««« «s ^ 
ia th« pBevi-@iia 
••fit® smJ,fcmjp#s wf»# #3p#pa.i^ t toj ^plaeing 3.00 #,is> 'jpor* 
tloa» ©f. ths im SOO- «•©•, l^si»a@y@ip 'flaste aiwl' 
stsriiis-iag*. flask* w@m «»«€ fm ®«iBit emltmr®-# 
fht. 'ealtiaepdi W#F® wttto 4- e*«» of liotfr 
pr«pai»«d by a 'growtsfe timm •«» 
•«giwp Into 100 ^<sf -milMiPe'.mMim. emltei*es 
•peye iS'©mteitfc®# fot*- m% tS i»gf©©a e«»tlgrad©# At 
tha tat of this: po-i-ioi. 
^fh#' t.®aip«F«tef« at wh.l«li tli® viasofdtles m&m ^p®«€ TO:® 
ga dsgrses 0-®atlgapad«.. 
,Iii til® fir«t •mpe-rtm®nt ft Xl«ltM aiaib®i» of strain# 
•of iliiffioteltBft w@r« t'tedl®#.# • fli@ eiiltmr^s wm^m • 
110^ '^ a.si». 3.5S, 20i, s©i.j. toe, 
iTOtii., 4io» «i6, ms, •§01,. §§i» -6«4, m, sm*. 
mid 
A seeoiid. was ««€•# tO: th# 
ftrat t©st li|r mmmT$M,g i^ eaAtegs -fFoa & 
iniate®^^ ®f emltii|p#a^. f^h#y®f»3?#:» •» wtseoBiti- mmpBrlmmit ««» 
•e«rrl## astog tfe®. ai.a?aiB^« of -WblisolJiua b«€. •«©% 
fei«n p»fl«0a»ly ©«•%« were thms s®ewyad m., mil &t 
m® emltmras la the lateFftteiT- coll&©t,i:0m* 
fli-# m8«i mp@ a# follswii 101,, lOi, IM, 
w%. im, lit,.. 111., lit. Hi.,, ili, 183, im^ iti, liT, .iga^. 
isi, gm, i©6, 208,, -410.^ '4m.t: 4m^ 4CMI:, 4cm, 40fi^  4^, 408^ 
411^ €IB, 4ia, 414,, 41«, im.» §©4^. 60% mtg 60S. »3a€'SO®, 
tm til® t'teiM mil ©t thm mmX^ws^m to tb® 
l,«to@:ra:t;©i'f w#r» fMs was -tea® .iB #f€er 
t© 'wmtff th@ tn th@ few®. pTmimm 
fb® mmlts ®f wMA &«ir® li®©s 
^®ts«FlbM ap.p®ai» in f afel# S,. f&tei© f aaa i,0* fh® 
val^ ©'® Mtvm Sm tabl#» fctM® la ^ 
safty to® fcmXb,.. th« .i.ji®r©.«s® in f.l.®w 
©f tiiei ©altmir® omy tliat 0t Mi® ©miter® «#4i«a 
«i® .rati® '©f tsiwe #f flew ©f th@ esttltiti*:# to of 
ratios s»- ©f partlemMy ln%#r©a=t feecaus© 
•fckef shew tli® ®f -Ma# s»J.tiu»-©» -tla©-
-teg ail -©f th® i»«m€lB.|p8 ctt ssaif, 
•In ord®i» to swisaajri-is# tfe® tai# ra^s4® • 
fm' til® %imm testes toaw- %#« in Satol# li» 
®tse«ssl©ii. 
A mm&mtn&ttm. of fell® flata a# te 
fmtol© tl »&©*«•,. at l®ast wifck Ife® ms@d, %h&t. tto® 
legiae aodal® tes,©t@»i« #aa IMS- AliridM. Sa tw® .gi»ottjp» M 'tb#' 
teaais of tJi# in y®ifcsfe*©xtF%®t»glm#©s« 
B 
Comparative vtsfflostty of 
of several mpmS.m- «i^  0f 
Test I» 
' i  "  • •  •  5  •  •  '  • •  •  s  
•s ; Increiat-se In s Rati® ©f 
Cttltw#: Av«rmge tirae of: time of flows i# 
lo» % flow !seconds) : over controlt tb# eoater#! 
^ s .. . , t imG<m4.s) t 
130 44 •8 2.2 1.05 
131 45«8 3.2 1.07 
13S 43.9 1.3 1.03 
203 55.8 13.2 1.31 
205 78.8 36,2 1.85 
206 85.1 42.5 2.00 
208 68.3 25.7 1.60 
301 44.1 1.5 1.03 
302 SS.t IS.S 1.36 
3€«S 62.7 20.1 1.47 
30S 75.2 32.6 1.76 
63.6 21.0 1.49 
410 43.2 0.6 1.01 
il« 49.4 6.8 1.10 
41i 42.7 0.1 1.01 
SOI 56.0 13.4 1.31 
-s^ : 55.8 13.2 1.31 
603 45.4 2,8 1.06 
604 48.2 t.S ^ 1,13 
701 48.2 S.S 1.13 
801 43.3 0»f . 1.02 
802 43 .S 1.02 





Comparative vlacosity of solution cultiires 
of several apeeles ana strains of Rhizobi^ im. 
• f • !•• • • • • • t 
; I Increas® in t Ratio of etil* 
Sultures Average time of: tim® of flows imre to 
lo» s flow I seconds) i over ©ontroli tht® cor.troj. 
. .. . . , . . . s , 
101 45 • 4 2.8 1.06 
im 43.3 0.7 1.02 
loe 44.0 1.4 1.03 
107 43.7 1.1 1.02 
108 43.6 1.0 1.02 
110 43.5 0.9 1.02 
111 44.6 2.0 1.05 
Hi 43.0 0.4 1.01 
11€ 43.5 0.9 1.02 
im 43.7 1.1 1.02 
123 44.5 1.9 1.04 
124 46.3 3.7 1.09 
12i 45.4 2.8 1.06 
12? 43.2 0.6 1.01 
12% 43.5 0.9 1.02 
im 43.8 1.2 1«0S 
152 44.5 1.9 1.04 
201 57.3 14.7 1.34 
202 53.1 10.5 1.25 
206 104.4 61.8 2.45 
401 44.7 2.1 1.05 
402 43.4 0.8 1.02 
403 42.6 0.0 1.00 
404 42.9 0.3 1.01 
405 43.3 0.7 1.02 
406 44,0 1.4 1.03 
407 43.9 0.3 1.03 
408 44.3 1.7 1.04 
411 44.3 1.7 1.04 
412 44.4 1.8 1.04 
41S 43.0 0.4 1,Q1 
--ffa-
t 't ' t ' " 
t % Increase in : Rati«> of ew2.-» 
0mltiii»«f kvewmge ti» of; time of flowt tur® %m 
lo,. t tl0m i&mmtk&s). i csontrols- eonfci?©! 
, . 2 . . • . s . 
414 45.4 S.8. 1.06 
416 42.7 0..1 1.01 
501 54.5 11.9 1.28 
504 49.7 7.1 1*16 
60S 45.4 2.8 1.06 
€07 42.7 0.1 1.01 
608 42.7 mz 1.01 
#09 42.7 0..i 1.01 
S%®r41d 
•@oatF0l 42.6 
f A8I,S 10 
$TO^aratl"r# viscosity of »olvi%±m ©mlt;«3?#a 
©f »«v®i*al sp»«t®s &nA -mminrn mt lliisebliim. 
T&mt' III. 
t s t • ' 
faltmr® : Average tiRie of: Increase in iRatio of #al-
Ho, : flow (seconds) : time of flowjture ta 
I s :&w@r 6©iati*olj the contrei 
f I • t. 
101 44.7 2.1 1,05 
103 43.3 0.7 1,02 
106 44.4 1,8 1.04 
107 43.8 1.2 1,03 
108 43.6 1.0 l.OS 
110 44.0 1.4 1.03 
111 43.7 1.1 1.02 
llg 4&«g E.6 1.06 
114 43.5 0.9 l.Og 
116 43.5 0,9 1.02 
123 46.2 2.6 1.06 
124 45.0 2.4 1.06 
125 44.0 1.4 1.03^ 
127 44.9 2.3 1.05 
128 43.9 1.3 1.03 
130 44. S 1.6 1.04 
131 46.0 3.4 1.08 
13a 43.5 0.9 1.02 
ISS 43.0 0.4 1.01 
201 55.0 18.4 1.29 
203 51. 2 8,6 1,20 
206 75.0 32.4 1.76 
206 90.4 47.8 2.11 
208 55.0 12.4 1.29 
301 44.0 1.03 
302 54.S 11.6 1.27 
303 56,0 13.4 1.31 
305 77.0 34.4 1.81 
401 43.9 1.3 1.03 
402 43.8 1.2 1.03 
403 45.2 0.6 1.01 
404 43.4 0.8 1.02 
405 43.1 0.5 1.01 
406 45.0 2.4 1.05 
407 44,1 1.5 1.03 
•78a-
f&fel® 10 
?•' s- 1 
s i IncF®ase in : Ratio of 
€mltia»iiit Air»rag# tlw® ©f: tim# of flow: tur© to 
lo. t- fl&m- fs##0aS«.3 1 ©¥«F control: the oontr©! 
408 45.1 t..l .. l.OS 
410 44.2 1.6 1.05 
411 44.0 1.4 . 1.05 
410 44.7 t.l . 1.05 
415 42.7 •0.1 1.01 
414 46.2 5.i • 1.08 
415 44.4 1.8 1.04 
416 43.9 1.5 1.05 
501 54.5 11.7 1.27 
SOS 57.1 14,5 1.54 
504 50.5 7.5 1.18 
605 45.4 2.8 1.06 
604 45.1 2.5 1.05 
605 44.0 1.4 1.05 
607 43.0 0.4 1.01 
608 45.S O.f 1.02 
609 45.t 0.ft 1.01 
701 4i.# Bm''4s 1.15 
801 45.i 0.6 • 1.01 
802 45.S O.f 1.02 
805 45.S 0.6 1.01 
sterile 
control 4 2 . •  
Bmm&ry' o# tto® afittlo# of fch® vis-e^sity 
#jf tb®"'imltwa?# %& tJbst ©f th® 
tAilii: tt 
^ % f©st % , ^^ f#»% jl I t®#% III 
„  , : s  t, I . ,  
HhigetoliMi aelllotl emitiar®# 
101 1.06 1.05 
103 1.02 1.08 
106 1.03 1.04 
107 1.02 1.03 
108 1.02 1.02 
110 1.02 1.03 
111 1.05 1.02 
112 1.01 1.06 
114 1.02 1.02 
116 1.02 1.02 
123 1.04 1.06 
124 1.09 1.06 
125 1.06 1.03 
127 1.01 1.05 
128 1.02 1.03 
130 1.06 1.04 
131 l.Of 1.08 
132 1.04 1.02 
133 1.03 —1..01 
ghigoM» ferlgelii @i3tlfcmi?«s 
201 1.34 1.2i 
203 1.31 1*80 
205 1.85 1.7ft 
206 2.00 2.4i t.ll 
208 l.fO l.tf 
IMssMito legMlBW&i^  emltmr®# 
301 1.03 —1.03 
302 1.36 l.S '^ 
303 1.47 1.31 
305 1.76 1.81 
Lentil 1.49 — - .-™ 
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H M M 
.-so-
la %im fcssta tii.ii- at 
'i^ fgoMTO Imfiiiti aaA 'th« mowpm 
•spgaaiMs ,pi?«©%S®allf a® SM&mmm in ti«©©sife|" -
©fsr mj&t of tti®- Kteril# On tii® oth^F I»a4.^ i&© 
•enltttres of IMsobim l@igaala-pii«.g«, 
SiiiseMiaitt ma# ©«!.«*• ©i?gaaif» pfiedime®# « 
pelstiv©!!- lalgfc A#gi»©© -nf wJi«ii is#ap««€ 'Wl%M tto©-
st#pi3.« iwsdliMi*. 
la gm&mXi,.. t®w tb® 3.©w vise^sSty tb® 
ratio# -of tJi© -ealtw® fc® th# a#diiw feelnw Oa 
th« ban^,: tJi« rafcloa. Jt®F fl«'#©8i.ty ealfemr®.# 
rai3^€i frsm « "imlm# slightly larger tkam i«10 t-^o 
t.'i©. «o».t •©!• ipalm©:si fitll %#tW8©m 1,-SQ' and 1,S0. fM« 
mhmr9B.%tmk JjoMs tm «11 ten# S ©f tli® llf wlm®« i^mn 
tm tto# ttttjle# 
fii® Mgii wimmttj mlm# 8«©ttr-#€ to the first fc#st 
witto ii.trms» iCNt ia proMfely te® t© thm pr«s«na## of a ©«©• 
t:eid.ftatliig- ©rganisa ia tli« e»ltwp®» fMt *,saa®,pt£icm 
•feasm# ®mt Isy ta»e; results im tb.e tiiira t«:s% mstn-g 
•fcto® SOB# 
5la« *te#rr«tt% ©ttltm»e of tb© groiip l-o* 301 » 
•iNlla tb# 0rga»l« im tlii« ealtmr® hmlmgrn t© « bigfei' irl»-» 
•©ositf ©f -IhisftMwi ttoi« rat.l^ ji •i(:«€iir»t -ia I 
•asnfi f®.st III w©.r# -©f I4i® g'Sa® a-a thme &f tfe« Iw 
wtmmmttf •emitwr®#.,. 
tilts, prnrttmlm stipaln was im WM •«&# ,i«: 
mm. ®f' f«w culture# In- feb.®- ®©l,3.«®ti#a ifcleii- hm a©t^ 
-f^ecently f©3? ttm ability t© ae#i3.®»» 
It m. ««rw i& ailfc bafc B® |»X11«3.® is pi»©« 
-ia®e©4# "Wmmmm-0: thM oultw?«g of tti© »«»«- sp©oi«® 
w@re' foaafi p-pieNi|»0@ * fe#a^ p®lli©i®.» fh# i»®««tioo m. 
milk r@-»«l?i@4 fefeat Qi# a-ifall^ a ©alters*« An-o'tti.#!* 
tn-t®3P#s%ing fa<e% which in in the mxrnljwtm 
fmbl# 11 is tm •& glmm. stFftin ©f llii'is®b-i«B %li#, rati© 
ims m&wm m tmmm eonsta»t.«. .Im -if mi -tb# W Mt® 
f*ti@# »®iewF-«a ia. %w& 'tiiftta ajp*e-®a •isl©s®l;r» 
Wit^ 'two ®f tb# ©»ltupes, 80S- SQri, ¥»ati«Hi *#» ®t>-
t«iii#d f#F $ %»»*-».« t4ir®e ¥aitt#8 agr##i «'©s»y ©leafttf•-.-
®©ast«i-(sf ©f tiiii 3ratl©.if is • 
signifieatift wli«ii tii® -fiiet i® ©onsl^ eyeifl teat tJli# tmts-
mre «tir®ly <ii-»%i»et m to %t»», te -ttiat a p-©ri©i ©f 
mem'lj ©lapsed to@%wo-®s tte# fir#-!; amd tSiiM 
fk# &h&m ®ap®s?ta©a%. iMieafcea -Miafe !a©«-stt»»«a©ats 
ef m# ti«®osife.f of emlteres ®f iMss^biiaa a*F 
%« ©f Talm# ta ©l&aaifyiag tfee €l.ff®r@nt «f>®:ei## ®f Rhizo-
M-aa#- -Oa tiiia Mai# t&e' .»^ga-n3.#a# «l^ t b-® elassifl®# 
m t&lMwm 
1» 0i»g«tiiii»ii8'- wlilali €«v«l®f littl® mt- mo *l®-®@sity 
•i»®r®««® -ia |-®»st-«-xliir«®:-fc«gla®®«® -^riug a f-d«y 
peri.od m% gi 4®gr©#g  ^ fhm ra-ti© &t th« wis-
msl%j of til© to that «f the st«yil® s#diMffl is 
iMs tjian l*!©-.* 
fM.« .gpottp miitmfea of gsmsM* 
IMaobiiaa HkiasoM^a Impini and tii» m&w§mm 
^T-gmatmrn 
f&i.» gwrnip »ity fafther €iff#s»#al{iat@A. -m. tto© 
M«is of |p*(i»wtli la milte:. 
m.#0biiBg. B#3,iloti pr«i^ me®» m «#wiii 
»#a« Trtliil# til® cjtto©3P organ! SSI |>ri^ ii#». no liliiang® .in »ilfe.*. 
II. -^rgaaiiws. whi©to §.9ml&p m rmlmMmXt .lii#t 
¥iii€®slty in yifas^-t».#3Etra®t-gjm®©#« aalmtim aarlag a 
g&mh&tlm p<®ri©<i mt tB A#gr#@a» Most. ©f '^ l^ © 
in this grimp »hm r«tl©« of %»M t® I..ft.. 
fM« gtomp in&ludm liMmMmm trifeil.ii.« • RMaobim 
M^prnXnt^ s^mw and the Dal«it lia«t.«ria* 
Mm m p?@vi©m» »@®tioa of td^© pmprnw '©i® »mgg«:«ti« 
m.9 tliat( in a.ll pr©bateility tfe® 41tf mrm^m&s ia vis-
©@#ity shm-m toy mmplmim .sp®@i©*.. of 'l&i.soMiM mm twe- to 
wriati©®® ia tk@ thisfflieml ©onstitati'oii ef gmt rather 
\ 
t© .g«w ©®ne®iitFati©»*'^  
• S«s»® r«s«.lt» #«©»«•#€ in «n ia(5<mpi#t©- ©xp^r'ia#!!  ^
irerif  ^ th© (tanelusida that .©one«ntrati»i m.%m.m i#. not^  
tli# Uniting i» vim&siMf 
Is iteleli has: hmmn t&® irls-» 
s e«asS4«fabl.® 
mm The goa ©oiit®nt of %hB wa« 
toi' pi»#eap.ita%i-©B «l%fe aieoltol,. .|iowf»'r«i»,, to^ 
raost of til# -fftaistill## wms »«»€• p:r©.-
.cipltati«n/'im« incoraplet©. A# « ao^^t: of th© mil* 
fm «oa# ©f tli® -ealt^®# 
t§ f«r #sn% i^ etibol *»# «s«i, fli® tti##© 
f®w :'@m3.twr»s was «a€ !&«> data &m' 
0u3.lm3?« 'lo* 
s 
:t flme of fl©* 
,1 to secontfa 
|. 
t Wtlli,^ws of -gw* 
133* m^- fs.i 
Mm ' 44a 
3©ta 81.S 
SS..0 
I#«ntil 69.8 ts.o 
stsplla , ' 4 t » S  
M& mm.%jB'l9 of tEe 4at« r&veals «h« fast fctoat #«!*• 
issa* mmtKlmA ®©-a»iil«i^ toiy ««j*@ -^m 1ii«a 
©mltrnf# tout. %lm #ml^as?» wm. wmsh viiieM 
tliam tij@ oWamv- tw@- •emitw##, 
'lasMtBtallf tk# faet maj ala© "to© m©fc«Bi 
fiaeosifej #f :eTilt«ra* IQia and m4 th« lantll ettltw# 
atppawnfciy to tfe« eonfcsnt of tti® 
soimtlon# • • • 
"ttia,® tb.0 wmmlts Mileli Jiaire h&m 
W t&® fae% tli«t til© ia t&® vl«®©sitj ®f f8t3?« 
iftus euitw^ea- of mw& p»¥aMy ia# nm €iff®r»ais«« 
to •faie n&taf© ©f th# • faeter 
is, m 4#fiai't# -p»of .@f %lii# 
ol>s®5rt«itlsm« of H#ld®i.l3N9s |^|^  mM Em^LmXl |;3S) 
laoiwr-erj, «ugg@«t m €®fliiit# fos*- ,f«®iLlla3?« 
ttiss ote»)ew@4 im fcfa® 'irige&sity ©f ©tilths*## -of Rhizobitua^ 
fte;#s« inws-lj-igmtidafs-iftrnfaist, til# ifl#eostt$,#8 of' soltttloaas 
of i»n®moc#eem«- :ptt ^aait ffeimd feat f jp® 1 fyp©- lit . 
.?ii#a»#©oeoiiA "botti of- wfal<& ka-r© m rmlmMwrn* 
!?• ^Bwaato©3? ^©f- ^©mfa .te ga*@ 
m high vis©oalfey» felie- haoi Tfpm -11 
»h.©w®4 little ®ffft«t '6® •irla^eslty #f tli« »©lmtl0», 
•fhey 4T'mw tla« tbU'i^ sfcapii, that 
mpp®Mm fco to© a :r©'3,«tl^  tli® of fcl® 
v:i®©osity 'i^ eBQWisa abom fey tli® smt^ -tsae# amfl W.® t'Te^mmmsf 
®f mQM:PTmm ©f © t^ocisqfl in tfeo -pQlyamecteFii® 
_ timj alt©. l^a-©ms#'«# WEw p i^sslMe mtfmet ef 
®n viscosity Imt' ^emm: t& tlie e#n@i.aii[loii tfaat th# m^feer 
•©f- ^gr'oaps pr®»«nt hm m fair gi^ «t#y iiifltt#-iie® «& 
irlsi«0fi.ity t]b-«n tfa# #«gi»©e -of Iiylratioai of the go* 
ftttdlngs mmj Tb& 'e»y«latei with, tii® !*«« • 
mltm «@©ai»«4 • with eultwes @f IhiEsbit®, 
•l@pttas  ^ :aa4 136) Umve shown that 
tmm RMg0Mi»a ael^ iloti ©ontains. 4».S- to '©.'O f<©r 
e«iit wF©ale aeia while tho gtws  ^ p3?©dtt.e«d tey SMjgohixag' 
tglfelii sM -Rhigio i^m l^ goaiaetio^m gflatals- from 2Q' t© if 
fw ©^ht mwoei-l# ii#id.« liim# othep  ^ iip#el®« ©f SMa©* 
M*wa h»iF« not .«BsiysaNS*  ^
fiseoglty ttaat 
ttellloti way m m l©w pp®Aieing 
gaiilsa whil# tidfolli .aaifl Ihls^feiwa leipaiR©* 
mmj fe# •riteoslty ppotoelng ©y- ' 
f«nlsa#-» 
:0B th® tm«l# of tli#8« f»ets th@ p®s«iMllty 1# 
g«#t©«i that the €'lff»Fend8s iih©TO toy th© hi^  rlBmslty 
mXtm'mm wmA low vlseoslty ealtm-i?®# mwm the i?®istalt of 
4iff«r®ae«« Sm th« ifoahar of -gx-m-pm in th@ ^oi 
The Rat&./of --jap• Production ag Wftagm^Ba 
fey ih the Viseoalty ef 
pj?®*l0«# #xp®Fiwtmta hmwrn showi, '^ at a. aarkei, :#lf* 
tmrmm ©xlst# .im 'th© v£.»@o#tty mi- »©liatt-m -feltwfts of ^ 
-aft@j* tt f-iifty i»emhatloa nctthiag 
i,g Immm m %© ©i# w&tm' «.% whleli tti« fl»®®sit|r ia©:J?@as«# 
mftf ©©©^a*» A stmiy ©f tl» daSJl|r iFi«iio»lty ©Jf 
#rganl«», mmmmi a^simhle^ 
Im th® e0Ji«# ©f »tw.€y two mepmmttm t®«tt wmr® 
Mad®, la'tooth tests tli# mm&m gimmv&l tos fol-
low®i« tn tfee ;fl«t t«st OTily m few organlsKs stmtis t^ 
Willi©- % l»if®©i* giHsmp of emlt:«p«-s -mt In th® #«e#s0a 
t#0t. 
omltrni-o-s ms«a In tti© first t@st wmm a-« t&llms&t 
ISO,. sot, :so-s,. iifi, sm,. ms, mm aji* 
#a,itiaire« m.s#i iM tb« mm&R^ t#»t mmt 130, ISl.,. 
iS3;p:. nm^ 2m., mi, mt, sos,^ m% i®ntii^ , 410^. 
Al% 416, 501, tos, 608, 003, 604, 701, 801, @0S, 805. 
fix© -tts-ed wm th^ F#ftst«Mixtm©t l^iie-#a« .ii©lm*» 
tlom pi?©flo««l?'.€«a-eri%©S;. . 
fli®' ewltutrt-s w-ip® . p-i»ep-ar«€ .toy plamteg 100 e.,-e.* ®f • 
..M i^-lia %n m -iOQ-.«*©.» Spi-.«-n»®f@r -and ®t«r ill sing.. fli« -eml" 
-, tto-et w®.pe th.m inoculated -with 1 mm9* ®f at 
Tim ''VtMnmlty mrnmmmmentm wey» ©•ai® «»ily, fh«. 
pFo©eto»s -eon.si«t©€ of -»h-«&ln.-g th# emltup©- by. m ©ircialai'' 
motltsu for m% Miimt®., thea witMrowlng « S -uampl# 
wl-fe « stefll# t&r %im vls©o#4fey 
eottoii pl.tig», -mm m#©# t# meMnm «!*€ 
i#®«» rnhmm f Of - •«oat8ininaat|.@»,» 
fh® •?jlseosim@fc#i» mg«t 1» 'tfe#- ptT# « tia® 
©f flow of »m^on^ with, m.tdi' &% M- €#p««s 
.l#a!dtng». ,,tii tlilS' *«P#' JME^® at tO • 
is. intttontf - %•#% ig«»^ m 
tlwrn -et fltm esf wl%h wa%-«F afc M 
•c^«isigr*d«..* 
iftsulta*, 
ffee i»«:jpilts «»f •tili'S fiPi.t te#t ar® giiren tm iS» 
a#e.©ft^ *®«t aiPs found la «a^I® I,5.« 
fli« #&ta f®®- cultura 203 w«re ©militia in fable 115, 
feseatia# tfe# ;emlttai»# a!iow®A ©©a,t®miBati«B tkm. 
All .a»«lyii« «f fiit- data sii©.w« feliat tii thm f lp«t 
tlat In vlse»«ity the felgte vta^ostt^r mlimrmm 
w« laof# mr tmm& fcriag: 
Im tto %©«%,! hmmm'E'f,^ of: Wa.m mx%mm9 
'^ ©aeliat * iBiOcljfttm M ab®mt 6 «a€ tli® irl#-
mml%f F8otal»®d ^^actically fm- thm- rwaiiwleip ©f 
•f ABLg IB 
Daily viscosity measur«©nt8 of aoltttlatt 
emlteipes of Rhizobium, 
t 
e a l f e » # s . o f  f l - ® w  t u  s / ® © o n < a S '  
lo. t s t s 5 1 
: 1 ri ;2 dayisr 3 <lays :4 days i:'S day* t •6, days :7 dayi 
150 39.1 38.8 38.2 38.7 St.l 38.8 39.1 
205 41.6 45.2 47.2 48.6 •61,3 64.9 56.9 
302 41.1 47.2 53.1 57.8 63.-3 69.4 74.6 
505 41.6 47.2 55.6 64.6 79.2 93.8 106.2 
416 39. g 38,8 38.5 38.6 38.9 39.2 38.9 
501 41.0 42.1 42.8 44.4 45.5 47.5 48.8 
603 39.2 38.3 38.3 38.8 38.8 39.4 40,1 
802 39.8 38.& 38.7 40.8 40.6 40.0 39.6 
St@ril© 
• eontyol 38,. S 
tAK.1 m 
'Bailor viscosity lasasttFeaenta -ttt -aolmtioB 
•Sttltures of 
i • 
, ______ fiffi# of flow in 
10.. % • , • f ' t ' i ' I I 
1 liayi '2' 4«yi m 3 0mm :i4 4ayp tS dtoys s. 6 dlayt :7 <3*^# 
ISO 42.7 43.2 43.1 42.9 42.7 43.5 42.7 
131 43.1 43.8 44.0 44.1 44.5 44.8 44.7 
133 42.6 43.4 43.4 43.4 43.6 43.8 43.8 
205 48.3 55.8 65.4 73.8 82.7 88*0 96.6 
206 49.0 59.0 74.8 91.0 103.1 J.14.0 m.7 
208 46,0 52.3 57,9 61.9 65.7 69.0 73.6 
301 42.7 43.5 43.2 43*2 43.5 43.8 43,6 
302 46.5 51.5 57.1 58.7 61.1 59,3 59,0 
303 4t.t 51.9 61.8 66.4 71.6 74.5 73.8 
305 45.5 52.7 59.3 if .4 78.0 90.2 101,6 
Lentil 44.5 40.3 51.6 56.5 58.0 62.2 66.1 
410 42.3 43.4 44.1 44.0 43.9 44.# 43.8 
415 42.1 43.1 43.1 43.3 44.7 47.1 50.4 
416 42.3 42.6 42.7 42.6 42.7 42.8 42.8 
501 45 .O 48.5 50.0 Sl.t 53.t 57.1 65.3 
503 46.4 50.1 53.2 56.4 60.0 61.8 61.7 
602 43.0 42.6 42.7 42.7 42.7 
603 48.7 43.6 45.0 45.6 46.9 47.8 48.2 
604 42.7 43.1 42.9 43.3 43.3 46.7 4t.t 
701 45.1 46.4 46.9 47.8 47.8 49.1 48 i^ 
801 42.5 43.5 43.2 43.6 43.9 44.3 46*0 
802 42.4 43.0 43.8 44.3 45.0 45.6 4i.3 
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• y»g-'fe-Qg'g ^ p?Q#a.o%iQm« 
A stiBi|r of ©ff»#t of #a"rlr©a»eat®3. faotor# oa 
pM pi?'Odaett©n mmm tost-ya'tel® f®F tw© mmmsam. First, 
«u<?to. ft atmij wmkXA wmm&l .taf®niatl©ii as t© %h® #nflr©ii-
««jitaX eonAifeloas living .iwyxiisiMi i!M pr©fimett©a. ' S«#0M, 
feMs tj-pm of ©.xpartoe-iifc -als® «ff@ps th« pssalfeilitj' ©f 
Wammlns m&mm ©a t^a.® «3>f .pi« priadmcstl^  te tti® 
»»tal30li#a of 
Wi%h this ia ¥l«w m of m©- llt:»ipate]p«' w%8 mad© 
't# •,*©•0111?® Int&vm&tlm »b t©- tb® t@apera-tittre «id o3^,g®a ,!»»•• 
la..t;lon8h%s whlefe fiT# ftn mtmnt ,of gy®w%-li-» 
o-f'' f @Mp#ra.fei3»® 
®« #6101 Profiuctlm, 
w@f«- f©WQii III fcli@ lifenrmfettr© • 3?®-
gftMiag im» optimm .for Wb gr©irtli. of RMgobiw. 
lurrili «n4 Hsaatift •Cl.l.J fri«<s# Warn optiwi® tmspmTMtnm. mt 
.iS to, :,g» 4#gr«e« .Miliar an  ^St.ap.p |MJ preaeirtj 
®zp€ii?l«®M%-a2. ©videiMi# %«• show that th© -Q t^Swm %lm- %©-
tw»-©a g© and S© .a«gr#-»8 0®iitlgrfi4i»* 
l®.%hoi-s,. 
An «pej»Iaen.t wmm thBTmtowm pl«on,#€ iii mht<M emltures 
wmm .$Tmn at ttowe different' temper-atw#®, -and gua- ,pF©*-
4«.eti@a #:Stimat©€  ^Isj th-# ,ifi#eo.slty of tfe© ©mlttjoffis. 
Th@ stspains of Iliisofeimm •'uiiet in. tt® t&st mitm S§i. 
«b€ Mi. fhess. organisms, were ,ehos#B hmmnmo they uauallj 
glre ratfe#!? irissoslty i» solution mltwres. 
?h« 'Used ••«*» a yesastw®xtmct«gla®oa« »«iiwa» 
fh© enltvLTws wmre' prmpmTm0. bj plating iOO e.,-#, ©f a»di«» In 
* Si0 ©»#• &l©nm@y«r flask# Sa^s®-f8i»fitt ttsiperiamt® infii-
eatefi that the d©wlop®«»t. of iriscosity was mucli lomw Sm 
•su©li a .emltur® thaa on,# ppeparM: jplneing 100 e.*e, &f 
mmAi-am la a "SOO e.,®.,. £E»l@tto®j©i» flask,» 
An «xa»iiiatl.Ofi of the viscsosity readings will gli©w 
tbat the vismm.ltf w&n It^ mv- than is m-switlly found witfa 
th««# orgaaisra#,. 
Yti® cultuim# wem ino0alat«€ witli 1 ••©•.. ©f a, 
©ulture' pr&pm.rm4 aeeortlag to the prae#Atir® p'^ mvt.mxmXy 
€«»eFil)©d.. 
»iw#' •eu.lttire.s wer® p-r©far®<l fta* m&eh org&atm, fhr©# 
0f tht. cmltwss w®r« i,ncmbat©« at g& C-»ntigr«<i#, 
•••ifelcli ia profeably tlj© opfcimts® for  ^ tli© opganiss.' Tlir«© 
plae®fi ia ,« 3t €®gr©e Incubator and thr®,# ipsr® plae®d in 
« refrigerator at 10 Aegrses, 
After f •days .iBe-ubatlan th« -eultmr#® war# rsanove# 
«ai tto.® i^:s«o«iti»s d«tef«ia#5,.. 
fli# wsalts *^0 fottmd In fatol® 14 • Tli# *&!««« liiieh 
it^ @ gl*'«a show tltat tiim. tempeimtta*© liM & »fl?ife©.d Iaflm®ae« 
m ¥ls#osity, aad iiieli-«©tJ«lly m tb@ Bmmmt of g«a p3*®« 
.dm©«4" hj th© 
Blem^aslem. 
At tli« btgiaoiliig of til® «3c;pe-j»iii@nt fcli® ftssmptlm 
•1WS Mds tiaat W •€©gi'®®# Centigram# .£« 'tli® optlmaa t©ap®ra-
ttia»« tor the ^©wtli ©f it was r©ait«n#i that if 
gam ppMiietiuli 1* a mermal aetab©!!® wmmmn it will proto-
©•fely 'l*© gfeat^ st at tb« opttmw t©«P'eFafc«r&4 
The pemlta sliow that the greatest fta©ant 
©f ipa was pr®d«et4' at th« ,©pti»na teapwatrnF©,. was 
eonslflerefi im iaitl^ atie® that gm prMmtim Is ta all 
probability ,a a®f®iil process. Mmmvmr, m test ©f this 
mm &nX  ^ h« mn:sM@mA »f h#ing £iidiemtiv«» 
fh® If feet #f Ox:fgm femi.&n m 
ina Isj IhigoMwo, 
In th« t#«p«patttre ©^p©r,ia®at th« fast ms. not®€ 
that ifiaeosltgr py^daotlm sma ramnh l©*#r iit a. eult«i»«. fra-
parea. hj plaeing lOG ^f tm a B§Q ©,€» flask 
tA 
0f isesifeiitieB #« .gem 
pFMmeti'Oli a* »@m«wi?®a % vt»@»stty« 
s t " ' • • s 1 • • • 
jTemperatiirei Average time: Increase l» t 
CiiltW@:D«!gree» C» s of flow : tlm© of fl©w s %# 
»©• s s (seconds) t over ©ontrol s 
. s s S' • • , . ^ 
IQS m 48,f s.,t 1»M 
-to® m 63.5 •S0,i 1.4» 
s§i' s 44,#. 
S6S m 50.8 s.t 
s«s m it.f ifa 1«4$ 
SOS s 44,1 i.i i,m 
toi iS.i g.? i,m 
SQl f3 49.f i.it 




thaa in prmpmred toj plmtmg te® mmm&- ^m&unt ©f meMwm 
tn m WQ ©.-©• ffeis was %mkm as am in.«il«ib» 
%i&u that Itaizoblna la -patbsr s©oaitiv« to « liffiit@ii 
mjgm TOpply# 
Stateia-eiifcs M tli© &lm ¥«rifi®4 this ©b* 
sftr-s^atioR, Jk lM-mtm-  ( 1 )  -im s«i® atinftl&s- of th# ©ffeet &t  
emtirmmmt&l faetoriS' on the gr^ owtli of Riii«.©bii» 
tJiat *oxyg«a was & l'i»itlng fm©toi* -^ring the -of 
nodml® 'l^ aetsipl-a ia selmtlTO* S&aMteg tlni fe©ttl-## In «flai-efe 
tJi® ofgaaisffis w«i»« ^powiiig help-efl to tutvGAunm mmie •&3fygm 
md gmm iRe'i*®a-««d gro*tW 
AlXym.  a»a SalAwla :('2): F-»eently etwdied tli© effect 
of til-® ®3Ei4-ati«im»**»iuoti:®a ehapaetsi* of thm a®€lm -cai. th«  ^
gr®wt1fe of iMsiifeiaia.. fomd tlmt the' clia^et®i» o-f tli© 
aailmi :Saa agar- A»k« •eulite.i?## €«t®»ia«'a; ttoe -ilsjp-tli -at 
whiefe- ©®l#iilea So®® »#dla wlilefe mmm ratli®r 
•oxWSaIng sh&wmS. ge©4 .grewth several ffiill.ii»#t©rs b«l®w th» 
surf a©#., &m ttie o'tt-er -iaaKd »©«# strengly F-sdmiitog Bi#iil«; 
sla®w#€ , «aily ii#«f ©r »t th® -sarf«c®,» la th« 
y«it8t*«3Efemct-gltte©s®. mg&r wm f<mn4 to M stpemgly 
i?#Amelng and %h.m growth was- #-©nfiii#d to tli© 
Om til© b-aals -#f tbls tefo-2mati«m,„ it wfts -e®B#laa®4 
ttoat til® y©«#t--#3tti'a,#t**fM«®s-# whloh ma-s a-s#A In 
til® teats le •»» ®xeell«nt ffledtm ©» wMnh to sttt% tii-e r®-
latitat of %1i®' Mhlmhlmi to tl»e mmiiftbi# 
«m|»pl|r, .An. ©xperlmflnt wi».»,,, t© 'Stttiy 
feh# of Mfimvmmis  in oxf-gm anpp l f  ®m th@ i t tmm.%%y 
©f seltttiioi ^ ©iiltmrts ©f farlafclm* in. fis-eoisity 
w»i?# la feim la 
fete® mmm% &t gvm. In tb® ©ttltiif®.., 
1sS&25E* 
la the eewfa© ©f Itee «3si}«ris@at th^® -tdstf. wmm mmda* 
la fell# ftps-t test the. sitpalan ©f ihisoMtw tts»d wer©? 206, 
306 sa# S03..« -fte# M8®A waa tli© y«m.a.|j«.:@:xt^a.ct-»glme©ta 
pw&vimBlj doa'cpib©#* fwo of dmpllcsate eml.feoi*®# 
©aieli strain w&r® pp@p«r«d* la ©a# .«:®s*l«:0 ttoe ^e«ltar®;s 
way®. .p:p@pa?«#i hy plmmMg %QQ -e.*©-, ®f a^dtMi -ia -a ^SCXJ ©•,»#•. 
Splsnwey®:? fMs g«ir@ a relattirsly siiailoir layer 
®f ii@aiwa. la W&9 flask aaft €onsi#«rabl® mi'ipfae#. .*&«• 
la %h« s®e©ad series 100 e,c» ©f w«r« placed ia 
2iO ©.©,. lrl«n»«yei* flasks', -fli®®# ealtares. wtr© eon.©ld«r» 
aMy deeper aad l@ss smrfae# waa ®xp#s®A tfae- air*-
fh# «alt*ir©s mmm la#©alats4 witti 1 ©.e* ©f- m •TS-tour 
ealfcixr^e l>r®par©<t la tli# ,s»« wmner as preTiwsly -deserilwl* 
fa© emltares were iaealmt'et for f 4ay» afe SS 
O.eatlgrat® aafl the 'irlseostty a#t®rmlne4, Vis'^o-sity read--
iags wr® also- «ad« at 2$ Mmfffmrnm 0®atigra€«, 
Wm #«eoo4 test tli® »«a@ e«Itay®a mm ms-®d tout 
tto®« s#rt«s of €mpl.i©at« ealfeai»®« iasteai 
©f t&e tw© pPOTlmsly €@®©rll3«d. tMs third etiltare m.a 
•pre^«r#d fey pljaeliig 100. ©..,.#•• 6f »#ait3B» 'la .a 1S5 e.*e.. 
®pi.®»m(ty«r-flask* ffee @mlttir-« tki*# prepared ms •©ri'- 4®®p. 
17 th# mt# of tlm eultmre, it w»s p®sslt)le t© ©.»p«r# 
. titai em. -gaa pr^ teetlem ef -a lar.p>;.|t »«d.lm and 
asisll' wottnt of smrf«©® easposM .Jto th® .emltor© 
the pro#«dTxr» *ft.s, tfea In tin# first t@st.. 
In th® thtpfi t«st ft l««g©.r aiabor.of #ttltta»®8 was 
st«.ilSN(i* fhts strftlns m«.«d..,wer® •80S, SOt, SOS, SOI m& 
SOS* 
f^wo tsrlfis ©f triplicate flaates mm. pr©pa.r«<l-., fbe 
first ,a©rl®.» of -ealttir#® w«re pr«:p r^«.fi placing 100-. e.,©.. • 
0f a#.aiT» ia .a SOO -©•©•, lrl®«»®j#r fla#k..- fte© »#eon€ 
•«#rl.#» fr«s |»r#p»r-®t ©.•©• ®f ii#dlafi la a 
SfO ©..,«« Srl«ii»e7-@r 
tr«iat»©Bt mnA ©f »«4ii«ping viscosity lier®-
th® .as la th« first ®xp©r3ta#at, 
le'smlts, 
Wh® mmultB of tb© ®acjp#ria»ats .app#»r In fmbl® IS,-
fmbl® 1$ '«»€ f«M.@ 1.7, fh© data gl¥»a la®lm€® the .wsrage 
tlffi® of flow «f €upli0«t© •ml%w?m.,. the itter®«-8« lii, t£a® 
fAMM IS 
Effect of surface exposed on produc-
tion as measured by -viscosity of nolutioa 
eultu3*®s of Rhizobiuisi, fest I* 
SI  i s 
J Six© of iMwrnr&m ti» #f ttnmmmm 1» tlms Rati© 
.||-ulta2»@tfla«k . ttlQW C»@co5^ct«i ' of flow WW- 5 tea-
lo. f : control s control. 
.. I , , . s- - . , • , , t I 
•tos. tS0 6a,.s l.SO 
Bm §00 • ^ • 42.f g,Ol 
SOi •2m •St.? Tf* l  1.40 
aoi is,® 52 ,t 1.S4 
SOI Si# f.S 





Effect ©f surface ©zposed on jjr^uc-
tion as measured by viscosity of lolutioxi 
©ultiat#s of Rhizobium. Test II, 
« • • 
iSiz© of ;Average time of :Increase la t3»s: Ratio 
flask ;flow (secondly| ;of flow o«r#r : to 
lo, :(c,c,) s : control s 
soo m-a 41.0 i»i8 
SOi Si©. wa • 
3$« Its il.8 t..,2 1.M 
3§S §00 61»0 18.4 1.4S 
S§S ^•§0 ' is.3 li.l^ 1.5f 
3QS ii« 4t,$ S.f l.,W 
501 Bm 1.23 
501 tiO 4f,S i.® . .1.1®. 
501 XBB «,.4, i.s 1.1$ 
-eontTol 4g,.S 
f mi If 
of exposed, m. g*m pipadtte* 
fei©a aa aeas-arsd by viscostti' ©f #olm-
ttos e«ltmr«s ©f Rhl?!obi\Mft* tmt III. 
I • I '• • • t "' t ' 
iMz& &t tlM# of •fl»ei?®as«'tn %iM9t 'fimt;.!© 
ttlmg |«##onds) i-of tlm 
1®. % fe-©nfe:r®.l s, 
., -I s . ... 1 . , :| 
Mm mo IQ.® 1.44 
m$ 2m m.§ lg*t i.W 
Bm $m ft.t 36 •§ 1.8i 
2m 2m , i8*,« M.© 1.40 
3m mo m.f 1.40 
sot um sa.f 14.1 1..^  
BO0 Sl.S 1,.4S 
•S®S 2m Si 3 li,.® X...S4 
sa soo 
€3,»S 18.9 1,44 
SOI 2S© §a,o «,4 i.m-
SOS §m ll.S i.m 
ios •2m SI-.® 9*0 i.ti 
eontTOl 
©f flow that ©f til® at«,i*ll@- »©€!» ttt® i?afel® 
of til# tia© '©f flow of tlae eulfeor® t# tliat of the 8%«fil® 
ffl@ilwa*. fh#' TOltt«a s#enr«!i few? tli# spatlo of the eultttr®. 
't© t&» e&nt2*al will to# mnalAeimA Im e^a-pmring the eff«et' 
•of m» &&pWi of lealtOTe ©m vi»eo«lty pi*oimett©a* 
Plaettaslom* 
An anmlysl# of the 4«tii 'sliows t^ at all ©f ©«1-' 
tuip@:S' t«0t@!i aatoiMtetf a to tli« .iracwjiit 
of o3qr,ge» amllafele, ^owmmVp ttie emltaP'##- faipl"## e-on» 
sidapablar in th# iiw»iit of whleh they rniimrn^m 
fb® eultiu?e wiilth slj©w@fi greatest »«asltlvity was 
%W-m f&is oFgani«» &s l^aa»lly pFo^me#® hlgla rlmmlty ia 
th® mltuf® auftd ©?©*» mrf vig®i?.Q%isly aas m&ll€ m-edia.* 
fb@ Q'ttieF miltui*#s 'i^ teli *»i*« tmt&& w®a*» 'l©##:' 
s®n«itiir« showed ab®at #tm«l i»®»p®a8.« t© ^Fiatlona im 
th© «a-otint of ©ulfwre #«Lrfac» iixpo.t®i, 
Im the memnd tmt wry d@:@is' •eultmres were use##. 
fh«#© I^twpea h«4 only a small .leaijaiit of mwtmm ®xp&md-m 
fh» mm W-m app-poxlaat©ly 18 sqtimi?«, e»* as ©ompsi'®  ^ wl'th 
«1 gf«a-i*e «.• wltli tli-« MflmmsiymT flaate and f8 
sipap© with, the 500 Erleoasy©!?- flask.. 
' fh# 'aiiiall aaomat #f sapf®#© «3Ci>©«®€ l.s r®fl»et.e# 
Im th® l©w 'Viss t^ity .^ #^@1®^## toy all of th» ©.alt®p«a. 
•1^. 
mpp&mTmm of tii# wtiem «:X«l»«d mt tli« 
•ef-tb© la.o^nlatim p-eri^oi ms •M. f t rnwwm tmm tbafe of tixe 
istlaep fh® eult«i»«s wme mlj terbl€.. 
«E3t€ »© pr#61plfeati» f#»®a. -at thm -of'the flask# 
i.a th-e Iftrger flaste relatlmly tartoM ani 
a-iiowil « -of aftli®- bottom of the fla.«lte, 
Frew. th»m® it appmrflttit felxat la 
a • highly m#ai«a -sush. m the ©li® •a&iaQW^a 
i« vmy s^nsttiT®- to •€tff@^©Bcs«ii in th® .waotmt of surfs®# 
of the ©mltw.© ®xp®#@# t© th® &lf»» 
fhis ,p-®«ialiarity indle-at^s ttoat prodmcti^ ia-
pi»©i>aljly m aatMatiT® pj*©a©«s and als.o m^ma» tQ m&A tappoiPt 
to. tli« iiea that ®a« productioa r#-pjp#»@jit» m. iio»itl i»#a©-' 
tto» ia th« Be'tato^ltes proeaas of the. mf^EmXm-* 
, . , Wkimhl'm  ^mm m a Soi«r#» #f 
ineygy f<»g eggaBiaat* 
In speeulating m the pi*obable fole mf goa pired^®-
ti'OB i» th® aetaholii« ®f lMz®bi» it b©®«»»'.apj^ai»#ttt that 
tl^ pa might ©.©rir® i» m Busher of way»' t® •b@n#f it th® 
Qrgmilmm', -fhi# i€#a mm glrm mMmS, wei^^t hy a st®te«®st 
aafi® fey emu i^}* Mm gtmai«<l gm pm&n&tim fey m l-evan-
forain.g isoXat^fl fmrn^ tmw mngmr* H« ©orjiltide'S 
that '"tht.gua f#m«iitatl®n &t i», im th« light stf 
-los-
mnr of m ii4vaat*g  ^ t® the 
»peel0'» of 'lia®thrift iai«©ing It, #nafelliif in the fi.Fst 
pl»:e# to transfoiw •maMV&s& into 'm& a.sa:tMilabl« foi®^ &n&. 
In th« #«®ORa plmm^ rsimtlng the^ ©gmotle pi»e#swr» of tla®' 
au@ros# »ol«tloa, rendering the ©nvir^HBsrit nor® faToratel® 
for tteair eontiii.m#i »ifti¥itl«it*» 
furtkemor®^ morn® :»ttt€i®s ma^# 1» this: inv^stlga-
ti<»a in(ii6«t®d tk«t tJie ai^t *«nf« a r»#erf® fo©a 
for th« organi#®#- A eoinparlsom was aaa@ lJ#tw.e@ii thB f-is"-
'fosity of ciiitw.r®8 lii.#tt%&t®€ for' f'^ aya and for 14 
•Most of th® cultures test«€ showtji m. r«tia#r mmkmA 4®«sr®«s# 
In vis<j0alty, fM», vlseestty d«er#iia® wa« int©rpr®t#a 
fts b®lng dum to it 4'#:0ye.«:f« in tlae gw -©oateat .©f tbe #ml-
ture -stjlmtioii# 
results •attgg»:»t#fi that- sm pr»#i®tioji might, 
therefor#, s®r»® st dnml pmppmm$ first, the pr#«.eiie® of 
the ,gt» w©ul^ rdAuis®' the iomotS.® prmmsn^& ^ariag th® #arli®r 
stages -of growth, aad s«®©ii€,.- th® @ib might lator h® iitilizefi 
,«s :» •»-ourciei ®f iSBergy by th@ «rgiffii,»«* ©a the toa-#iS' ©f' 
th@»« r#.sttlt« -.aia experia«nt was tarrl«'di owt t© 
^«th»r -©r not gism way ho itttiliiZ.»A as m isiarh©tiyir«t.# .-t'Cmre# 
hf th® organi«». 
1#. gmt tow th® ts«t a- t8<»<i:ay 
©f ©•rgitnlsM SOi to joaat-^ t^mS'twiiaBiiItol, soSutioB was 
iis#d» T& iftolmte thm it waa pff#€lplt«t«€ with al-
mlaoX thm pr#elpltate wmmwmA by fiiti»ati^^« It was 
pa3?lfl®d hj wmMws&XwiMg an^ •2r®f3?®tipltatlng tin*#® tla®s..,. 
aa4 It wfts thaii and w©igfe®d< ^la.ttoa#- s®0«.3?«€ 
was a to'i^ittl® ^ ay»ito.it@ ««1M» 
In t-o d@t9j?»in# th» mlti® of th#. ,gtm «« .a 
«o\ir«© of «ii«rgr f®F tli« -of^gaalam Mir#e of -s^fent 
^ltm?®s w&re p-i?iaj^aa»®€» A. |r«ii#t*«:xtr®et agar^ was msfia as 
thM toaal© aedlMffli- in all- of the t«h®#* -fh# »«€!.•» used tm 
th« fii»»t of tm-bes was by aMlng ' 
tmt gto&©a« to giire- -a ©©aeaatratios ©f 0,-i par •-©ant* 
?h8 aysa-d in th-a aa-«©»A seriea 'ma: prsprnmA .'ij aflfiliag 
stiffie-iaiit t© the ^agai*- to fering th#, mp-
to 0.S' p®T «aat» -f^h® third sariaa- of tttfeas aontalaad th© 
fa-aat»®3£tr«-#ti»ag«r without ad-dad a^toohydrat® and was iiaed 
-aa -a -eontr@l» 
fha prapaMd tmhas -mm difldad int® tw©- grmipa 
aaah-aentalalag tw® tul>®« --of gM-©@s« agar,, two .tahaa af 
gam -agar ^aad tw© tmbes -of ^arbohydrata-fraa agaup, • 






















W'vm th© mmilts :*hieii w%m it is 
t:ha:t-tmi®?' i'im €oMiti.<ms - of tla© ©xp#-Fi»«tt.t tli® ws -
not bf.tb© organl^ s* MommT, th© p®saiMlit;r 
©xiats that Im tli# s-<ji«ps# of the pwmms -Gt iiol&tlmg 
•tli« g«Bi, partioulayli- ia ispylmg It, Its p»«©p®Ftl©-t »i#it 
hmtm @li«ag«4. ' fMls m# Indicated hj th@ faet that 
th© &WJ .gm was eJmmt tBJiolttbl,## 
^@a %h& h&n^.,: %t pp«p@i»ti«s ©f tli« .gtm 
n.mhma.g,e^ thm pi^mmms -of i#0latl-@K th® 
smlt:s m»y I)# tate«a «a m 4o.ile»ti<m that Is not s 
&mm food material btt% 'fatii®'!* ®f 
ti®» iiftileli is net atilltabl#* 
fh# i^ aralts 'mm not @©n©l.m#i,f® Mt: th.@f fe 
ia#ieat« & lin® #f attmek »l|^ t yt@M Mcm%  ^ iralmatol® 
infoi«»ti«>a ia 
smrnm 
!•» la w®®*!: hmrm,: g-tn<ii«8 
wmrm »ai4© of -sism® ,pims«s ©f thm of gt»- .prc^efei^ im 
Isy 
S„, la thm laltiati «*p®#ia«ts «a attempt- wa# 
tm tii@ graf^ metri# »@thod for tlh# 
aet#»lBati©B mf tli® g«® eimtdiit of soteti€*n ettltwe* -of 
l®w<iv@r, feh® m«tb©€ wm ImmA t® !»«• wmrf tl»®» 
eoas«fflsI»g a® a mmm pmpM. wns s-Cfiagtit,# 
§., Inftimjelt a« tli« Riiiiobi« gi» Is «, 
e©ll,©id|^ - it ms-- %&at til# p» af^ t ©«s# tb# aol«« 
fel#a -eaitw®# i© b# viastA* ffe® 
also @Mtnt&A %h&t ttoi« viscosity mi.gtit 'fe® jpFopoftlmd, t® 
t&« g«w of tb© solution ©ttltar®:,. f«sts S'liowwa %h«fe 
«oHi# «p@ei®:8 of Btolsobi* €@v®lot©4 Itttl®. viateosity 
itt solattcms uMl#. #-t®il»F ©f otliti?' sp®©!®# 
- of feh© ©i*gaiii« 'beeiM# reiatiir«l.|r vi.«#ld. e^papis©®s ©f 
•th# vi»®ositj an-<i tke go® confce»% of 'iris i^d -©atltwr## 
sliow#d tbat witkijs I'iaifcs  ^ tk# ^ iseositf «F«a. fPOpo-f^ Monal 
to 'til® gw* eonteat of tfes solatia* fto.# %mt 
f®mg eon.si-d®p®d ias#f«l foJ*- dstemiatsg-' the p@latif«- gam . 
eonteat of solttti« ©tltmres- of e#r%8i-lB of .»ii«©* 
M«»» 
••1.08* 
4. A was aa6® &f the relatioasMp b«tw##.u 
rlsmnltj «aa tli® e©ne©ntipati©n of gm in «©liat:lms 
of g» arsbie. fh# ysstiltis ahowed tlmfe iiid-i»®&s©s In tli« 
eoneeafcratl^ iis of g«b w®b« meec«psni©4 bf inmrnMsm la 
Vke 'V%9mmltj of thm solution, %hm 
b«^w«#a ¥i»6'0»it|r «ai gam ©©©fesat wa» only ftpp*«»xiffitt%®ly 
pi»opop%l^ ©aal-, 
i* WithiBi li»itii, til® siz# of M&ml'm for 
s®e>€ing fell® <5wlti«p#» •h;»i m© app]p«®lalil® •eff««tt' •«' <ai© final 
Tlsooalty of tfe® omltar««» 
6. A -was »ad# ©f viaoosity #f cml» 
tur®#' InomtoatM f 4ay« aa# al»llai* 14 
days# With most of th® oaltmr#.® te'Stftd m vis-
eosity was fomd -aftey f <iay» teeutoatim, 'Afta.y.l^  toys 
imemtoatloB many of thi« -emltiM*®® aliowod a •m«rk«d 
^aeei'ea.a® in "rl-seoslty* 
f, A sfcwdy was to A#t©j»ln® whoth#j'" m not 
t&@ ,dlff®i*eae©# otoscFfed !». 'fisooslty of aolmtiom ««ltOT@s 
of iM-®0tei«a wep© «insoi#s oteaMoto-fistlos and if sm, 
whetlie'r &r aot tb# ¥isoosity t®«ts wo»14 |j@ of maf mlm® 
la ©laaslfylag sp'fteles, fh® i»i«@Ofsity t^^ O!(lmetng 
ffOw«F of if sts»alas|i. 8 s.p«ol@s and or®»#»" 
iaeemlatioa grottpa of Rlilaol&itja, waa a«li@iwin#4* Qa 'tli# 
basis of -the ,F®8alts tii«. organisms wor# #liPl-,€e4 Into, tw® 
-MS. 
fim flr-st grwp- ©Fganlsas #iiow®d mw^ littl® 
oir®F -eontF©!. tfe# rati© %&« 
vlstos-itf of tli® m.ltm''®- tm that of thm e©at?©l was 1©»« 
tfaisi 1^»10»- fh® ©fgafiisnf: iii.©Xmd#t to %Mm wr® 
'ihiS0bltam. a.®lt3.Qfel.» RMgohiiaa. I.mpiiii.»; ShtzoblttBi im»iHaI©ia  ^
.iuafi th# ewpest ori«iiA«« fh® ©rfanisas ©f -^ h# ##e®rMl 
®p#mp proiae«:€ high wimmmttf; -fh@ rati# %© the '^ senti*©! 
yamge# fi^ a 1,,1S t© t»iS with nosfe of the falllmg 
lb®tw»®a l.SO- wE  ^ l^ 'SO,. 'ifii®.-©rgaais]®# tii«la4«€- w«i?« 
'Rhl-ZoMms tpifelii, lMs#te|KiB .Iht^ goh.iia 
phaa:»e.Xi the €al«« ©ygaiSEiaiM. 
8# 4 ttm-fly waa »ad® of th# imliy f'Ht® of Inwtms# 
tB. Ih® fise#.sity of #olati©a •calttir©®: ®f Ehlm®hiiiit» 1» 
jpf»0tieally all ^ ©f  ^  ^ mltw^m w&il^ h sh©w@4 »as«B?'able 
Inereaa®#, th« -tise-saity iii©r«.a»®4 st®M4.Xy tm- ahsat § 
days. Wife a few -of tht a m-asclaiOT wm» 
at thia, tla«« mm%- ©f th« e«ltitr#» #id not sl'OW 
4©TO «pp2P®eisihly ta th# rat® ©f ^ iseosity p]p®daetl,-€» -antil 
mhottfc the- •s«*®Bth day. SeiR# ©f th# vigoiPTOit pi?owiii0®rs 
wmr& still .«howiaf & st#afiy 4ii®i*»a8® in viaetialty *t that 
tim«,-
t, A stu<iy wa» »it4# ©f th» ©ff^ e t^ ©f «viy«®fflentiil 
faet'sr* on th# pysiaeti-aa of gm hy •Shl-«#toim fts :»#a9mr®€ 
» # 
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§• .fte® of RMsubliwi, 
m<S.®3? t.fe®. eoMlt.lon* #f th# exp®Fl«©ii.'fe# s®«» t© fe© a 
f* fh& .#ir.id«a©« secured i» ®f th« ettmmt 
©f mmiTwmmmtml faet'Of»# ©»• gu®- teaicatt® 'timt 




•fbis t& #«pi»#s» a,ppr»e-
fof til® mdirie# s®-^  gai-Aance gl-^ m toy 
?• E* arowa th© progpass ©1" tfe© work moA 
fmr lits belpfml ©iPitt@iw* m&. m§g®9tl&nm  ^ Qffmr<^4. 
teFittg tJi© ,pF©i>fil»s,%i€» of %3a@ -jaiMJsenpt'.. fh® mmtfew 
«1»© f®»ls -i&mpXy .tei«¥%eNft t© Mmt&T 1.., M* Wialker 
for Ms smgg@stlon« if«f«-3p€lng 1&h,« ©liooiflng mt th®' 
|3^®tol©a -aiii f©i» Ms #&owii «»i M« «'gsi«.ti»©©.« 
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